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PREFACE. 


Althougli many distinguished Orientalists have written on " Indian Astro¬ 
nomy ” there is no general account of this subject now available in the Eng¬ 
lish language. The present attempt to supply a summary account of the astro¬ 
nomical material recorded in early and mediaeval Hindu works is therefore to 
some extent justified. In the matter of choice and treatment of topic the 
author of such a summary is always open to criticism. Many items of interest 
have to be omitted or touched upon very lightly, and the author's predilec' 
tions may lead to undue emphasis on certain matters. In the present work 
guch subjects as the Hindu calendar and Hindu chronology are not formally 
dealt with, since they are treated with some elaboration in various excellent 
books that are readily available; while the semi-religious and astrological aspect^ 
of astronomy have been dealt with more fully. 

Although this summary account goes over old ground it is • all based upon 
original texts. What has been accomplished, is largely due to the encourage¬ 
ment of Sir John Marshall, Litt. D., C.I.E., etc., the Director-General of Arch¬ 
aeology in India, under whose auspices the; Memoir has the advantage of being 
published. 

I take this opportunity of recording my indebtedness to the Superinten¬ 
dent of Government Printing for the care and trouble taken in the production 
of a work entailing so many printing dMculties. 


G. R. KAYE. 



CON'IENTS. 


Chapter I.—INTRODUCTION. 


Pace. 


i. Controversy 2. O. D. Cassini, Le Oentil, Bailly. 3. Laplace and Playfair. 4 . Davis 
and Sir W. Jones. 5. Bentley, “j. Colebrooke. 7. Legitimate research . • 


Chapter II.—^PERIODS. 

8. Main texts. 9. Break in continuity. 10. Periods tabulated. 11. The earlier periods. 

12. The later periods. 13. Astronomical features of the periods .... 6 

Chapter IH.—EARLY TEXTS. 

14. Arrangement. 15. Views on astronomy. 16. The Rig Veda. 17. Other Saibhitas. 

18. Subsidiary Vedic texts. 19. The Jatakas. 20. The Mahabharata. 21. The 
Ramayana. 22. The PuraRas.10 

Chapter IV.—EARLY FORMAL ASTRONOMY. 

•23. The Jyotisha Vedahga. 24. The SQryaptajnapti.17 

Chapter V.—SPECIAL TOPICS. 

;25. Oeneral. 26. The nakshatras. 27. Stars and constellations. 28. The year. 29. Months 
and seasons. 30. Solstices and equinoxes. 31. Precession. 32. Vedic chrono¬ 
logy. 33. The planets. 34. Rahu and Xetu. 35. Week-days. 36. Heliacal risings 
and settings. 37. Cycle of Jupiter. 38. Mount Meru . . . . , 22 


Chapter VI.—THE INTRODUCTION OF GREEK ASTRONOMY. 

39. Types of evidence. 40. Statements of Hindu -writers. 41. Greek technical terms. 

42, Greek theorems.39 


Chapter VII.—ASTRONOMERS. 

-43. Sources of information. 44. Unknown astronomers. 45. Puli4a 46. Aryabhata. 

47. Varaha Mihira. 48. Brahmagupta.42 

Chapter VII.—ASTRONOMY OF THE LATER PERIOD. 

-49. Introduction. 50. General notions. 51. The earth. 52. The prime meridian. 53. Cries- 
tial coordinates 54. Angular units of measurement. 55. Kinds of time. 56. 
Days. 57. Months. 58. The year. 59. Cycles. 60. Epochs. 61. The ahaigana. 

62. Precession. 63.. Star lists. 64. Instruments . ..... 50 





11 


CONTENTS. 


Chapter IX.—MATHEMATICAL ASTRONOMY. Page. 

65. Trigonometr 7 . 66. Form of presentation of rules. 67. Definitions. 68. Rules and 
problems. 69. Ascensional difference. 70. The lagna. 71. Length of day. 72. 

Mean motions of planets. 73. Epicycles. 74. The Hindu scheme. 76. The two 
epicycles. 76. Ec[uationsof the centre. 77. Latitude. 78. Parallax. 79. Lunar 
eclipses. 80. Solar eclipses. 81. Projection of eclipses.71 

Chapter X.—CONCLUSION. 

82. General. 83. Early formal astronomy hardly representative. 84. Syncretism of the 

later period. 86. Vedic chronology.. 95 

APPENDICES. 

i Astrology, ii. Hindu astronomical deities, iii. Tables, iv. Bibliography, v. Additional 

notes ... . . . ..97 

Diagram of the ediptic constellations and nakshatras . . At the end of the volume.. 




HINDU ASTRONOMY. 


INTRODUCTION. 

1. The history of Hindu astronomy has a history of considerable interest 
itself; and it is desirable to refer to this secondary history in some detail. 

It concerns chiefly a controversy tinged with acrimony, in wliich certain dis“ 
tinguished scholars took part—Laplace, Bailly, Playfair, Delambre, Sir William 
Jones, John Bentley and others. This controversy relatod chiefly to the question 
of the antiquity of the Hindu astronomical notions, first made known to Europe 
towards the end of the seventeenth century, and it unfortunately not only ' 
obscured the issues but gave an impetus in the wrong direction. It was not 
until the beginning of the nineteenth century that the attention of European 
scholars was drawn to those portions of Vedic literature that contain, in 
somewhat romantic and vague expression indeed, tlie true essence of indigenous 
Hindu astronomy. 

2. In 1691 Griovanni .Dominico Cassini published an account of certain 
astronomical rules brought from Assam by M. de la Loubibre, and thus, as 
the most renowned astronomer at that time in Prance, gave a first advertise¬ 
ment ; and soon after, in an appendix to the Historia Regni Graecomm Bactnani 
of T. S. Bayer, some account of Hindu astronomy was given, together with a 
dissertation by Leonard Euler on the Hindu year of 365 days 6 hours 12 minutes 
30 seconds^. In 1769 Le Gentil went to Pondicherry to observe a transit of Venus 
and in 1772 he published an account of the so-called Trivalore tables and Hindu 
astronomy generally. One of the more important results of this publication 
was the interest taken in it by the illustrious and unfortunate ” Jean Sylvain 
BaiUy,® who, in 1787, published his Traiti de Vastronomie Inddenne et orientale. 
Bailly firmly believed in the great antiquity of the Hindu astronomical system 
which, he thought, supported certain views regarding the development of civilization 
that he was wedded to. His conclusions were often wrong and sometimes 
extravagant. He believed that the Hindus were the inventors of astronomy, 

^ J. Btjbgdss, Journ, Royal AHatic Soc. 1893} p. 723. 

* The first Mayor of Paris and President of the National Assembly in 1789 : he was bom in I73fi and guiilotined 
in 1793. 
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that their observations were direct and original, that their theory was simplo 
and true, that their calculations, made from time immemorial were indeed 
less exact than ours but as reasonable and infimtely more simple and natural 
than those of Ptolemy, and that the Greeks of Alexandria had profited 
by the Indian notions but had mutilated their results^. 

3. Bailly s work attracted much attention and Laplace and Playfair seem 
to have been specially interested. Laplace at first thought that some of the 
Indian figures, said to be for 3102 B.C., were remarkably accurate; but later, in his 
famous Monique Gdeste (1802), he revised this opinion: “ The TTidifl.Ti tables,” 
he writes, indicate an astronomy in a state of considerable advancement, but 
everything leads us to believe that they are not of high antiquity. And here 
it^ is with pain that I differ from the opinion of an illustrious and unfortunate 
fnend®, whose death is a fearful instance of the inconstancy of popularfavour.. 

In 1790 Playfair wrote of IB&mj’s Astrmom/ie Indienm: “The fact is....I 
entered on the study of that work, not without a portion of the scepticism, which, 
whatever is new and extraordinary in science ought to excite, and set about 
verifying the calculations and examining the reasons in it with the most scrupu¬ 
lous attention. The result was an entire conviction of the accuracy of the one 
and the solidity of the other.” But this was not Playfair’s final judgment 
and m 1817 he records® a complete change of view. “ When the astronomical 
tables of India first became known in Europe,” he writes, “the extraordinary 
light which they appeared to cast on the history and antiquity of the East 
made everyw’here a great impression; and men engaged with eagerness in a 
study promising that mixture of historical and scientific research, which is of 
all others the most attractive. The ardour with which they entered on this 
pursuit, the novelty of the object and the surprise excited, may have led them 
further, in some instances, than the nature of the evidence when scrupulously 
examined, authorised them to proceed.” He then goes on to explain that a 
more mmute examination led the enquirers to doubt “the pretensions to high 
antiquity that they found in the astronomical books of the Hindus ” and he 
refers to Delambre’s arguments “ that the data are nowhere quoted from which 
tne Indian tables were computed and that there is no record, not even any 
tradition, of regular astronomical observations having been made by the Hindus ” 
In 1792 Playfair addressed the Asiatic Sociefy* and suggested a systematic 
search for works on Hmdu mathematics and astronomy, the actual examination of 
the heavens m compay with Hindu astronomers, and descriptions and drawings of 
tJie astrononncal builtogs and instruments still to be found in India etc 

(“ 1789) Mr. S. Davis had made an anllysis of the 
i.ya SM<mta. He noted that the obUqmty of the ecUntic wm riven in 
teat wk as 2* d^, ^nmed that this waa the result of accurate ohserva- 
(sen and concluded that tins observation had been made about 2050 ic‘, 

^ I WTLAMU BB, li%stotre de asironovnie ancienne, L 416 *11 "" 

» Trana. Boy. 8oc. Edinburgh ii, 1790, pp. 136—192. . ^ 

* Asiatic Beaearches iv, pp. 159—163. 

^ AdiaHc Beaearcihea ii, 238. 
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Sir William Jones’ stepped in in his characteristic way: ‘'I undertake to 
prove,” ho writes, “ that the Indian Zodiac was not borrowed mediately or 
directly from the Arabs or 'Greeks.” “ The Brahmans,” he says, “ were always 
too proud to borrow their science from the Greeks, Arabs, Moguls, or any 
other nation of Mlechchas as they call those who are ignorant of the Vedas, 
and have not studied the language of the gods_” Of the idea of indebted¬ 

ness to the Greeks they “ All seemed to think it a notion bordering on phrenzy.” 
Again he tells us that “ they are also of opinion that the vernal equinox 
oscillates from the third of Mina (Pisces) to the twenty-seventh of Mesha (Aries) 
and back again in 7200 years ” and concludes that this theory was based upon 
an observation made in 1181 B.G. ! In reply to Playfair’s siiggestions regarding 
a systematic enquiry Jones naively writes: “Concise answers to his questions 
will be given in my next annual discourse,” but afterwards he confessed that 
he had “ offered ample stipends to any Hindu astronomer who could name in 
Sanskrit all the constellations that he should point out, but failed.” 

6. In 1799 John Bentley^ controverted Bailly’s assumption of extreme anti¬ 
quity for the Hindu astronomy, and, although Bentley made mistakes and was 
an injudicious controversialist”, his main thesis was fully established. The most 
important of those Hiirdu astronomical works that have been in vogue for the 
last thousand years or so is the Sur^/a SiMhanta. In its present form it pro¬ 
bably dates from about A.B. 1000 but it claims immense antiquity. “ The 
,8un himself delivered... the system of the planets.. .when but little of the 
golden age was left, ’ which, according to Hindu reckoning, was some two million 
years ago*. But the astronomical elements in the text imply a much later date, 
namely the commencement of the Kali Yuga, or 3102 B.C. when all the planets 
were supposed to be in conjunction. Now the question was: Does this date, 
3102 B.C. correspond to actual observations by Hindu astronomers at that 
time ? Bailly thought it did and at one time Laplace and Playfair agreed with 
him, but as a matter of fact nothing approaching a general conjunction obtained 
at that period, as the following figures show: 


Posilim of the 'plmets at TJjjain, MidniglU, February 17-18, 3102 H.G. mlh 
reference to the beginning of tfhe Hi/nd/a sphere. 


«un. 

Mcrourye 

Vcmis. 


Jupitor. 

(riatum. 

I Moon* 

—7® 61' 48* 

--41'=' 3' 26^ 

+24® 68' 59' 


+8® 30' 36' 

—28®!'13' j 

—1* 83' 41' 


^ The worhi of Sir William Jonee, iv. ‘ On tho olironology of tho Hindus,’ p. 1 f.; ‘ supplement to the essay 
on Indian ohxonology,’ p. 48 f.; * On the antiquity of tho Indian zodiac,’ p. 71 f. 

On the antiquity of tho Shiya SiddhSnta and tho formation of tho astronomical oyoles therein contained.’ 
Aeialie Besearehee, vi, pp. 537—688. 

* “ He thoroughly misapprehended the character of the Hindu astronomical literature t.tiinTrmg it to be in 
the main, a mass of forgeries framed for the purpose of deceiving tho world respecting the antiquity of the Hindu 
peopie... .Little of his work would stand the test of a thorough examination.’’ Jaum. Am. Oriental 8oe, 1868 

p.ie8. ’ 

* SSr'ya SiddhSnta i, 2 —8L 

B 
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Thistable^ may be said to dispose of the question, of observations at S102 
B.C. or thereabouts; but there remained to be settled the time at which the 
observations, on which the tables and calculations were based, actually did 
take place. The above considerations lead to the conclusion that the period 
of conjunction was calculated backwards from a certain other period at which 
the actual positions of the planets must have been known approximately at 
least. Bentley attempted, with some success, to find this later period. He 
showed by a table “ the gradual decrease of the errors of the Surya Siddhanta, 
from the year 3102 before Christ, down to A.D. 999, and also for two periods 
later, i;a order to show the increase of the errors again in an opposite direc¬ 
tion.” 


Bentley's table of errors in the fositims of the 'plarists as calcidaied according 

to the S'Brya Siddhania 


— 

B.O. 8102. 

B.a 2102. 

B.C. 1102. 

B.C. 102. 

A.D. 538. 

A.D. 1091. 

Heronry • . . . 

+ 33* 26' 

+2S® 10' 

+ 16® 64' 

+ 8® 38' 

+3® 22' 

—1* 12' 

Venus ..... 

—32® 44' 

—24® 38' 

—16® 31' 

—8° 16' 

—3® 16' 

+ 1* 14' 

Mars. 

+ 12® 6' 

+9® 27' 

+6® 47' 

+4® 8' 

+2° 27' 

+0® 68' 

Jupiter . . a . 

—17® 3' 

—12* 44' 

—8® 26' 

—4* 7' 

—1® 22' 

+0® 41' 

Saturn .... 

+20® 69' 

+ 16* 43' 

+ 10® 28' 

+6* 12' 

+ 1® 60' 

—1® 46' 

Moon . 1 . . . 

—6® 63' 

—3* 61' 

—2® 9' 

—0* 63' 

—0® 19' 

—0^^' 1' 

Moon’s Apsis 

—30® 11' 

—23* 10' 

—16® 8' 

—9* 6' 

—4® 36' 

—0«^ 43' 

Moon’s Node . . * . 

+23® 38' 

+ 17* 69' 

+ 12® 31' 

+7* 3' 

+3® 33' 

+0® 32' 


From an average of the results Bentley concluded that the Surya Siddhanta 
dated from A.I). 1091. This may be accepted as a rough approximation to 
the correct date, but taking the average of such a set of figures is unsound, 
as they are not of equal value and should be ‘ weighted ’; and it is assumed 
that correct observations were made at some particular period, whereas the 
error in observation was possibly sufiadent to make Bentley’s conclusion wrong 
by some 300 years. However, the main conclusion is undoubtedly more or less 
correct, and since Bentley’s time a great deal of evidence that corroborates 
the view as to the comparative modernity of the 8Urya SiddharOa- has come to 
hand. 

6. In 1807 the scholarly Oolebrooke quietly introduced the suggestion that 
Hindus were in some ways indebted to the Greeks.® Montucla had, indeed, 
made certain statements on this point,® but they had been brushed aside by 

1 Such tables should, however, be interpreted with eiromuspection. The figures themselves are not perfectly 
oertaiu andtheir verification would be a waste of labour now: butthey maybeacoeptedasiUnstratingthc undoubted 
fact ihat tlioxe was no general oonjunotion at 3102 B.C. 

S • On the Indian and Arabian divisions of the zodiao.’ Aeiatie Besearchu IX, 1807, pp. 323-S76; and lSsea}/s 
ii, pp. 321—373. * 

* Bistoire det mathmatigues, 1799—1802, ii, fiL 
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Sir William Jones^ Colebrooke wrote: “None of the astronomers whom 1 
consulted were able to point out in the heavens all the asterisms for which 
they had names....! appreliend that it must have been the Arabs who adopted' 
(with slight variations) a division of the zodiac familiar to the Hindus....'’ 
But he also points out that several Hindu astrological notions were confessedly 
received from foreign nations (p. 371) ; and he notes the correspondence between 
the Hindu and Greek signs of the zodiac, the dreshkanas of the Hindus and 
the dekanoi of the Greeks, and suggests that the term Yamnmh&rya refers to 
a Greek author. “ By their own acknowledgment,” he writes, “ they have 
. cultivated astronomy for the sake of astrology; and they may have done it 
with the aid of hints received from the same quarter from which their astrology 
is derived.” (p. 373). In 1817 Colebrooke gave further evidence of the communi-^ 
cation of the Hindus with the west®, and in the same year Delambre’s last and 
perhaps most celebrated work, which pays considerable attention to the astronomy 
of the Hindus, appeared®. Delambre’s opinion carried great weight and after 
carefully examining BaiUy’s and Bentley’s views he gave it almost wholly 
against Bailly. In 1825 Bentley published his Hisf-orical View of Hindu 
Astronomy, a valuable book, but marred by intemperate language and impatience 
with all opposition. Even Colebrooke was roused by it to reply, in the Asiatic 
Journal of 1826*. 

7. During this period of controversy on matters of fictitious importance 
there had been a certain amount of research in more legitimate directions. 
Sir W. Barker, Commander-in-Chief of the Bengal Army, had examined with 
some care the instruments of Jai Singh’s observatory at Benares®; and shortly 
afterwards (1796) Playfair had suggested the line of research already referred 
to. In 1799 Hunter gave a detailed description of the instruments of Jai Singh’s 
observatory at Ujjain. Unfortunately these investigations also masked the 
real issue, for it was popularly believed that Jai Singh’s astronomy was an 
ofE-shoot of Hindu astronomy proper, and it was not realised that it was a 
direct result of Muslim teaching. The real foundation of a proper knowledge 
of the history of Hindu astronomy was laid by Weber (1860—1868), Whitney 
(1858) and Thibaut (1877—1889). Weber gave us the Jyotislia Vedd^a, etc., 
Whitney a translation, together with a critical commentary, of the SUrya 
Siddhanta, and Thibaut the PancliasiMhMtika of Varahamihira; and with these 
should be mentioned Sachau’s translation (1888) of Albiruni's India. These con¬ 
tributions settled definitely the question of the connexion between the later 
Hindu astronomy and that of the Greeks; and the attention of the orientalists 
was consequently directed to the earlier periods that had been designated 
Vedic and post-Vedic. In 1893 Jacobi and Tilak indepep.dently suggested that 
the Vedic works contained important astronomical evidence of their own auti- 


» Worlca, iv, 71 1. 

* Algebra with Ariihmetic and Menswraiionfrom the Sanahritf etc., 1817, pp, xacac-^xzxir. 
» Hist de Vastron, andenne, 1817, i, 400—617. 
ii, 366—374. 

^ See my Astronomical Observatories of Jai Singh, pp. 64-~ 65. 


0 



•e 


HINDU ASTRONOMY. 


quity; tut their views were strongly opposed by WMtney, Oldenberg and 
Tbibaut. Thus was started another controversy, which, like the earlier one, 
was also flavoured with a certain amount of personal virus; for Whitney, whose 
knowledge of Sanskrit literature and of astronomy was unrivalled, accused Jacobi 
-of disingenuousness. The general result is that while many European orientalists 
reject Jacobi’s and Tilak’s hypotheses, in India itself they are popular. But 
even those who oppose them must acknowledge that Jacobi and Tilak have 
made the subject of controversy extremely interesting. 

In the following chapters considerable attention is paid to the earlier or 
pre-Greek period of Hindu astronomy and the later material might, with some 
propriety, have been excluded altogether. However, not only has this later 
period a sort of traditional claim to attention, but its study often helps to 
elucidate obscure points of the earlier period ; for the Hindus, when they absorbed 
the western ideas, often gave them an Indian setting; and also the period of 
absorption is one of such extreme interest in the history of civilisation that 
any light thrown upon it from the east is valuable. Therefore this later system 
has been analysed in some detail and a brief account of the chief Hindu astrono¬ 
mers who expounded the Western astronomy has been included. 
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CHAPTER II. 

Periods. 

8. The earliest sacred works of the Hindus, known as the Vedas, contain 
many astronomical references of interest, and these references have a special 
value, largely due to the position those works hold in the history of civilisa¬ 
tion; while the astronomical records in the works subsidiary to the Vedas—^the 
Brahmanas, Upanishads, etc.—^are also of considerable historical interest. The 
earliest formal work on Hindu astronomy that has come down to us is probably 
the Jyotislia Veda>hga, which claims by its title a fairly close connexion with 
the Vedas. Spread over a considerable period are the great epics the Malia- 
hhdrata and Rdmdyaija, which also contain astrononaical matter of interest, and 
corresponding in point of time with the later portions of tliese works are the 
Purdi^as, which give in a popular form some account of the current astronomy. 
Later than the Jyotisha Veddi^ja, possibly by some centuries, come the earliest 
of those text books of the Surt/a MMhmta type, which, with some modilication 
in matters of detail, have continued in use for the last liftoen hundred years. 

9. There is a very marked differentiation between the works of the typo of 
the Jyotislix Veddnga on the one hand, and those of the type of the Hutya 
Siddhdnia oh the other, and this differentiation is not merely one of time—^it 
is so fundamental that continuity of development appears to bo altogotlior out 
of the question.' Somewhere between the Vodafiga period and the period of 
the composition of the original Surya Sidd/rntta a distinct break occurred—the 
old methods and rules were discarded and now methods were introduced and 
now phenomena treated. The time of this break in continuity of development 
is known, at least approximately, and it may bo tentatively stated to bo about 
A.D. 200—600. This forms a convenient epoch in the history of llindu astro¬ 
nomy, and, for piuposes of exposition, it is proposed to utilise it; in dividing 
the material available into two main sections, which with their subdivision 


may be roughly tabulated thus':— 

Principal aourcos of information, (.oujoolural datcH. 

Ai Vedas, Biahmanas, etc.B.0.1200-— B.C.4()0. 

Ag Jyotisha Vedaiiga, etc..B.C. 400 — A.l).200. 

AB Mahahharata, Puranas, etc.B.C. 400 — A.D.400. 

Bi Works of Aryabhata, Varaha Mihira, etc. . . A.D. 400 — A.D.700. 

B 2 Later Siddhantas, etc.A.D. 700 — A.D.900. 


This scheme must not, however, be taken as literally exact; it is simply 
a convenient one that exhibits some parallelism with the actual facts. 

10. The sources from which our information regarding the astronomy of 
the earlier period is taken are the texts of the four Vedas, the BrAhinaiias, 
and the Upanishads. Bor general information about these works the reader 

1 It will bo coveniont at times to refer to these sections by the names pf thoir principal vorks or other cliarac- 
toristics . the Vodic period (Ai), the post-Vodic or Vedanga period (A^), etc.; but no strict olassincauon av.oording . 

to such nomenclature will thereby be implied. 

0 2 
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is referred to the excellent books by Professors Barnett and Rapson, and others. 
It may, however, here be briefly explained that of the four Vedas the Rigveda 
is by far the most important historically; and that a Brahmana or religious 
manual, and a Sutra or collection of rules are attached to each Veda; and that the 
Brahma:^a is further divided into three rather vague orders of which the Vedanta or 
Upanishad is chiefly concerned with theosophical speculations. The VedSngas are 
-subsidiary works of later date dealing!; with the several branches of secular knowledge. 

The chronology of these works is somewhat as follows:— 


B.C.1200—B.C.IOOO 

B.C.800—B.C.600 
B.C.600 

B.C.600—B.C.200 
B.C.200—A.D.200 


Period of Vedic collections—^Rig Veda, Sama Veda, 
Yajnr Veda and Atharva Veda. 

Period of the Bxahmaims. 

The earliest Upanishads. 

Period of the Sutras. 

Period of the Vedangas. 


11. The MaMbJmata, Ramayaioa and the PurSnas occupy a peculiar position 
in the history of Hindu astronomy, for while they, no doubt, embody certain 
ancient astronomical traditions, they contain a good deal that does not obviously 
appertain to the earlier period. On other than astronomical grounds the later 
limit of portions of the Mahabharata has been fixed at about A.D. 400 and 
the texts of the PurSDas generally contain unambiguous evidence that they are 
at least as late as that date. Citations from the epics and the pseudo-historic 
Puranas must therefore be employed with circumspection. 

For the post-Vedic period (A*), which is marked by a certain amount 
of formal astronomy, we have the Jyotisha Vedanga, the Paitcmaha Siddha/nia 
■and the Surya'prajna'pti, all of which exhibit schemes that are essentially similar. 
Considerable antiquity has been claimed for the first of these, but it probably 
belongs to the beginning of the Christian era or thereabouts. For the Paitdmalia 
Siddkanta we have a definite date, for it employs the epoch of 2 Saka (=A.D. 
80). The Surya/prajna'pti contains astronomical methods that are q^te as anti- 
.quated as those of the Jyotisha Yedanga but there are indications that lead 
to the conclusion that it is probably of a much later date. 

12. The second period (B) may be conveniently divided into two sub-periods, 
of which the earlier one only has historical importance. This (Bi) may be 
conadered to coincide pretty closely with the period of the Gupta dynasty 
.(A.D. 320—660) and it embraces the most celebrated of the Hindu astronomers— 

I Pulisa, Aryabhata, VarSha Mihira and Brahmagupta and their contemporaries. In the 
‘ i history of civilization generally this period is of exceptional interest. In India the 
'period was productive of many important work in mathematics, astronomy, astrology, 
an^jdicine, poetry and the drama. The following dates may be noted:— 

A.D. 476 Aryabhata bom. 

A.B. 605 Epoch of the Eomaka Siddhanta. 

A T) . 587 Varaha Mihira died. 

A.I). 698 Brahmagupta bom. 

A.D. 628 Tlhd Brahmasphutasiddhanta composed. 

AJ) 656 Epoch of the KhatidfdchSdydka. 
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CHAPTER III. 

Early texts.. 

14. It is not altogether an easy matter to give a strictly logical exposition 
of our subject. The textual, historical and logical aspects are to some extent 
in conflict. Certain texts carry much more weight than others; topics occur 
and recur, and there is a good deal of overlapping; the chronological order 
of the texts, or portion of them is not always well defined. Therefore, at the 
risk of a certain amount of repetition, it is proposed, in the first place, to 
give a sort of astronomical epitome of the more important texts, and after¬ 
wards the material, previoiisly dealt with rather summarily, will be collected, 
arranged and discussed in more detail, under suitable headings. 

Crude astronomical notions must have been, in connexion with sacrificial 
ritual, common property at a very early stage in India. The morning and 
evening sacrifices, seasonal and yearly sacrifices, and those at new and full 
moon necessitated a calendar of sorts and some knowledge of astronomy. As 
the earliest astronomical text-book says: “ Since the Vedas teach the aim of 
sacrifice and sacrifices follow the order of time, therefore he who knows astro¬ 
nomy, that is, the science of time order, knows the sacrificial rites.” 

In the Vedas the astronomical statements are sometimes vague. Often 
the heavenly bodies are personiB.ed—^but the difierentiation between the god 
and the object is not very marked; and it is possible that certain names that 
have been handed down were originally connected with astronomical phenomena, 
although the connexion is now obscured. The romantic vagueness of many 

of the passages, of the Eig-Veda particularly, naturally leads to speculation_ 

sometimes extravagant, but often of considerable interest. 

16. In the early works direct references to the subject of astronomy are 
very few, and no reference to any work on astronomy occurs in the Sarhhitas 
or Brahmanas. In the Yajur Veda (XXX, 10) the naJcshatra d^rSa (star-gazer 
or astrologer) is mentioned as one who would bring ‘ insight ’ if offered up as 
a sacrifice; and in the same list of human victims (XXX, 20) the gayalca (calcu¬ 
lator or astrologer) is said to bring ‘power’ to the sacrificer. The Chhandogya 
Upanishad gives (VII, l^^ 2^ 7S ) lists of subjects known to Narada and these 
lists include nakshaira vidya (astronomy), and raii (quantity or number). Apas- 
tamba says^ “ The Veda has six afi^as, the kalpa of the Veda, the treatises 
on grammar, astronomy {jyotisha)^, etymology, phonetics and metrics ” and 
these are known as the Vedahgas or ‘ limbs of the Vedas.’ In the Jaina Sutras® 
astronomy is said to be one of the principal accomplishments of the priest. 

* Dharma Sfltra iv, ii, 8^®. 

Generally speaking, in India, astrology and astronomy -were two branoh.es of one scienoe. The term Jyotisha 
applied to both astrologer and ^v^tronomer, and the Jyotisha had to know astronomy, judicial astrology (hord), and 
natural astrology. Judicial astrology is sub-divided into nativity IJdLaka), prognostics for journeys (ydM), and 
for weddings ivivaha), (H. Jaoob’t FtRE iv, 800). See also the Bfihat oh. 1. 

» SBE xxii, 221. 
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Some passages accord a sort of approval of astrology but there are others 
that seem to imply that it is not quite respectable. Baudhayana says^ “Now 
(follow the offences) which make men impure... .gaining one’s livelihood by 
astrology and so forth.” The laws of Manu teach® that for certain purpo.se9 

“he who subsists by astrology-must be carefx^ly avoided,” and the astrologer 

is placed in rather doubtful company; and the ascetic is forbidden* to seek 
alms “by skill in astrology and the other ahgas of the Veda.” The MahS-bharata 
also seems to slight those who ‘ live by the stars.’*'^ The KmtiUya Artha6astra 
states that “ faith in the auspiciousness of lunar days and stars ” is one of 
the “ obstructions to profit ” and also that “ wealth will pass away from that 
childish man who inquires most after the stars.” 

The Fosho-pi/ng-tsang* forbids “ star-gazing and astrology, forecasting lucky 
and unfortunate events by signs, etc.” and in the Tevijja Sutta we are told® 
that “some Samana Brahmans.. .continue to gain a livelihood by such low 
acts and such lying practices as these: that is by predicting ‘ There will be 
an eclipse of the moon... There will be an eclipse of a planet. The sun and 
moon will be in conjunction.”® 

The Ria Veda. 

16. The point of departure in the study of almost any section of know¬ 
ledge in which India is deeply concerned is the Rig Veda; and in this India 
is indeed fortunate, for of all the literature of early civihsation the Rig Veda 
is perhaps the most fascinating to the philosophic enquirer, and, in particular, 
the Vedic hymns that are devoted to celestial phenomena arc amongst the most 
beautiful. But these hymns are concerned with the attributes and functions 
and praise of certain divinities who are only very loosely connected with 
heavenly bodies or phenomena; and the astronomical information exhibited 
in these hymns is by no means their essential part. Much as we should like 
to dwell on the hymns to Surya, Savitri, Mitra and the other Adityas we are 
constrained by the nature of the present work to be content, for the time being, 
with culling from them a few dull facts.’ 

In the Rig Veda the sun is the source of light, out-strips all in speetr, 
measures day and night,® drives away the stars and night like thieves’®. The 
sun’s chariot has seven” horses generally but occasionally five, or six, or a 
thousand’®. Occasionally the sun was overspread with darkness by Svarbhanu, 
which was dissipated by Atri and by prayer’*. 


I 8BE, 3dv, 220. » iii, 162. » vi, 60. 

W* Hopkins The Great JSJpic of India, p, 15. 

^ SBB adbc, 296. 

^ Rhts David’s Buddhist Suttas, SBE, xi, 197. 

^ It has been suggested to me that the Buddhistic opposition to astronomical.and astrological lore ‘was duo 
to anti-Magian feeling; but see also § 19 : the Jdiakas appear, at least, to tolerate it. See also page 128^ 

Strabo refers (Geog. xv, 1) to the Brahm ans a^ occupying themselves with physiology and astronomy. 

’ But see Appendix ii. ® i, 60*. • i, 60’. i, 60®. 

II i, 50« ; i, 1648; vi, 44®*; etc. « v. 62.i 

13 4Q6-8 . ly ^ 288. y ^ 334 also x, 278® ; x, 37*; x, 138* ; Dudwiq’s Big Veda C x ; WHiTNinr JAOS 13 

Ixvi and 16 Ixxxii ; and SBE xli« p. 66 * 
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The moon appears to order the seasons and is continually born again. The 
sun and moon ‘ ascend alternate,’ and move ‘ in close’ succession^’ but the 
moon plays a subordinate part throughout, although Soma (afterwards a Moon- 
God) is, from a non-astronomical point of view, of supreme importance. 

The year has twelve months and 360 days, and is divided into four quarters 
of 90 days each^. There is no definite reference to a five year cycle®, nor any 
explicit reference to an intercalary month*. The account of the il^ibhus reposing 
for twelve days® has been supposed to imply a lunar year of 354 days with 
the 12 additional days making 366 in all. 

Jacobi thinks that the ‘ Frog hymn ’ indicates that the year commenced 
with the summer solstice®, and that another hymn marks the beginning of 
the year with the sun in the asterism Phalguni’, and the summer solstiee occurred 
in the constellation usually identified with Phalguni about 4000 B.C. In another 
passage® Tilak sees a reference to the heliacal rising of Sirius at the vernal 
equinox, and Kern sees a similar reference to Canopus in i, 170 & 180. 

It would be stupid to insist that the Vedic seers had no knowledge of the 
planets; but the fact that there is no explicit reference to the planets in any 
of the "Vedic writings is undisputed. A great deal of ingenuity has been exercised 
in trying to discover references that imply the planets or a knowledge of them 
but without any assured success. The implied connexion suggested in most 
of the texts cited is due to the mention of the numbers ‘ five ’ or ‘ seven ’ 
“the seven sages with five Adhvaryus®, ‘the five ukshanas,^®’” ‘the seven 
Adityas’“. Brihaspati was later on the name for Jupiter and it is possible 
that in the Rig-'V’eda the planet is meant by BrihaspatP but this is only con¬ 
jecture. ‘ The cloud-bom Vena’” has been equated with Venus but without 
general acceptance. According to Tilak^* the use of the terms Sukra’'® and Manthira 
implies a knowledge of the planets, and the ‘ thirty-four with light-like nature ’ 
Ludwig thinks includes the seven planets and the 27 nakshatras.^® 

Of constellations there are few definitely mentioned: Aghas and Arjuni^® 
are usually "''identified with the adjacent asterisms Magha and Phalguni; Tishya 
may be a special star^® although Sayana identifies it with the sun; and the seven 
Eishis, in one passage at least,^® probably denote the ‘ Great Bear,’ and the 
Eikshas (Bears) in another case®® probably denote the same constellation. TUak 
sees’-^ references to Sirius and Orion in certain passage, s®® 

__ »Vl64n ; i, 164:« ; I, 165*. 

® But see iii, 65.^® ‘ 

* i, 25® has been supposed to imply an Interoatary month. See also § 32. 


^ ir, 33^ and Ziuscbb AUindisches Leben, 366. 

• vii, 103*. 

1^ Orion, p. 162. 

’ X, 8513. 

1* iii, 32*; ix, 46*. 

® i, 10511. 

1® X, 55* See also i, 162* . 

* iii, 7". 

”x, 851*. 

i. 1051®. 

1® y, 6413; x, 64«. 

11 ir, 114*. 

1® X, 82*. 

iv. 50\ 

*® i, 241*. ? 

s, 123®. 

*1 Oriow, 96 et uq. 


« X, 14H ; X, 86»*; i, lOSH ; i, 1611», etc. 
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Other Samhitas. 

17. The Yajur Veda {TaUtvrlya Sarhhitd) gives a list of twenty-seven as- 
terisms or nakshatras, commencing with KrittikS^. It also states definitely 
that “ the full moon in Phalguni is the beginning of the year.®” Thus the 
Taittiriya Saiiihita gives us the two most important contributions to Vedic 
astronomy., Nakshatra lists are also given in the Maitrayani and Kathaka 
Samhitas and in the Atharva Veda. The topic is of sufficient importance to 
be dealt with in a special section. The passage relating to the year beginning 
with the full moon in the Phalguni has by Jacobi been combined with the 
notion that the year began with the summer solstice; the combination, which* 
however, is by no means a legitimate one, gives a date of about 3000 B.C. 

The Atharva Veda refers explicitly to a thirteenth month of 30 days®, 
which possibly implies a five year cycle of 6X360-1-30=1830 days, such as is 
exhibited in the Jyotisha Vedafiga, etc. The names of the year as given in 
several of the Saiiihitas are of no astronomical valued. The Atharva Veda | 

It 

also mentions eclipses on several occasions®, and introduces Eahu®, the demon ' 
of eclipses: Soma and Eudra remove the eclipse.^ The nakshatra list of the 
Atharva Veda consists of 28 asterisms and is, apparently of an astrological 
character.® There is a possible reference to Sirius and to the three stars of 
Orion’s belt*; and possibly Sakadhuma, ‘ the king of the asterisms,’ is the Milky 
Way.“ 

Subsidiary texts. 

18. The Brahmanas add very little of astronomical value. There are definite 
references to a thirteenth month of thirty-five’^ days or thirly-six days.’® The 
Kfittikas are said to rise in the east and the seven IRikshas in the north, and 
Dikshit cites the former as implying that the Krittikas (? the Pleiades) were on 
the equator and deduces a date of 3000 B.C.’® The Eohi^ii myth is, in the 
Greek fashion, transferred into a star picture’^. 

The Upanishads add nothing of special interest except, perhaps, a reference 
to the ‘ fixed ’ (dhruva) pole star,’® which Jacobi identifies with Draconis 
and so deduces the date 2780 B.C. The nakshatras appear to occupy equal 
spaces of 13^ degrees and the year appears to be divided at the beginning of 
Magha or the end of A^lesha’®. The terms Ketu and Graha are employed’'^ but 
not with any definite astronomical denotation. 

^ iv, 4^®. 

a vii, 48, 8 V, 6 *; xii, 3®, 

* See the Taittiriya SaThhitd v, 6’. These names vary in nnmhor from two to six. 

5 iii, 2®; ii, 10®. ® ix, 9^®. 

’iii, ‘2®. ®xix, 7®-®. 

® vi, 80“ . 1® vi, 1281, 

“ §B, ix, 1, 1*®. SBm,xlnU 167. i® SB x, 5, 13BE, xliii, 383, 

1® ii, 1, 2®-®. See §32, xii; & IniL Ant, vol. xxiv p. 246. AB iii, 33®. 

MBU i, 4. Hipparohus says, ‘ as regards the nort]^ polo, Endoxus is in error in stating that there is ^ 
certain star which always remains in the same spot.*’ * Heath Aristarchus of Samos, p. 8, 

MBU vi, 14, SBE, xv, 316. 

MBU vii, 6. 3BB, xv, 340. 

B 
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The JiTAKAS. 

19. It has already been pointed out that Buddhist texts are often severe 
in their condemnation of star-gazing, astrology and such practices a/s the fore¬ 
telling of eclipses; but the Jdtahas contain'fairly numerous references to astrono¬ 
mical matters. In number 20 the Kappa or era, with its four era miracles, 
is mentioned, the first of these miracles being ‘ the sign of the hare in the 
moon, which will last the whole era.’^ In no. 48 a charm is to bo repeated 
at a certain conjunction of the planets, and the magician is made to say “ It 
will be a year before the requisite conjunction of the planets takes phujo 
again.” In no. 474 the following verse occurs ;— 

The hour and moment suit not; so wait 
Fit conjunction of the planets in the sky. 

Similar references to conjunctions of the planets are made in nos. 481 
^ and 522, and in no. 481 the goblin ■ on releasing the prince says: “ Go forth 
■ from my hand, even as the moon from the jaws of Rahu; ” and such references 
to the demon of eclipses recur pretty often.® 


The MhabhArata. 

20. The MaJidhJidrata, the longest epic poem known, has, as a whole, no 
definite date, but, with a considerable probable error, the period of composi¬ 
tion may be stated to range from 400 B.C. to A.D. 400. It contains interesting 
material of a quasi-astronomical nature. 

The five-year cycle is mentioned and it is stated (vi. 52'*) that tlun-e would 
be an excess of two months in five years, and of five months sk days in 13 
years. The Krita age is also mentioned without specifying the length of tlio 
period, and it is said that it will come again when the sun, moon, the nakshatru 
Tishya (=Pushya) and Jupiter meet in one sign (iii. lOO®®)**. 

The nakshatras are generally 27 in number (see I OOio, XI1. 20P\ XII. 
343*'^) but 28 seem occasionally to be implied {e.g., in V. 110*®, IX. 34“)'; and 
there is a reference to the disappearance of Abhijit: “ The lady Abhijit, the 
younger sister of Rohini, being jealous, has repaired to the woods to perform 
austerities, and I am at a loss to form a substitute for the f/illcu star.” (iii. 
230®). “Time was arranged by Brahman to begin with Dhanishtha ” (iii. 230‘") 
but the nakshatras are said to begin with Sravana (xi. 44®); and the change 

was made by Visvamitra “ who in anger created a second world and numerous 
stars* beginning with Sravana ” (i. 71). 

The month begins with the bright fortnight (new moon to full moon) and 
a half month contains 14,16 or 16 days. An eclipse occurring on tlie 13th 
day is mentioned (vi. 3*®). 


See also No. 613; “ To Indra once like some poor Brahman drest The haw, rliVl AfTor a l 

Thenceforth its form was on the moon imprest. That gracious orb as Yakka now we greet ” 

* e.f., in nos. 26, 490, 637. 

* Pushya a supposed, more or less, to coincide with Cancer, and Berosus urediotMl +>iii+ i j ,. 

burnt when all the planets oame together in Cancer <See BononiS T watt.,, ^ n >i 7*^** ^ would, be 
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The planets are mentioned by name in the following order: “ Venus, Jupiter, 
Mercury, Mars, Saturn, Eahu and the other planets.” (ii. 11®^). The stars 
though “ so small in consequence of their distance, are large ” (iii. 42“). This, 
Hopkins thinks, is the most surprising astronomical statement in the epio^ 
A man star picture is constructed (xiii. 110®). 

The RImSyana. 

21. The Rdmdyazta of Vslmiki was probably composed in the fourth or 
third century B.C. but it is xiot free from more recent additions. It contains 
a number of astronomical illustrations of which the favourite seems to be the 
Rn biriT Moon myth.® A number of the nakshatras are mentioned and generally 
with reference to the position of the moon® and in one case Pushya appears 
to be equated with Mina (Pisces)'*. Of particular constellations the Great Bear 
and Trisankii occur®. The planets Mars, Mercury, Jupiter and Venus are defi¬ 
nitely mentioned®. One whole canto is devoted to the glory of the sun’’. Rahu, 
as the enemy and devourer of the moon, is mentioned on several occasions®, 
but Ketu does not appear to occur. Meru is stated to be the best of mountains 
and is generally coupled with some other mountain range, e.iy., Vindhya, Hiinavan®. 

22. The Pueaijias.—T he chief characteristic of the Pnranas from our point 
of view is perhaps connected with cosmological notions. Jacobi writes*® “ Notwith¬ 
standing, or rather because of its visionary character, Pauraijio cosmography 
became, as it were, an article of faith. The general belief in it was not shaken 
even by the introduction of scientific astronomy, though the astronomers tried 
to model the traditional cosmography on the basis of their science.” The 
following is condensed from the Vishjku Pumtjui (ii. 2U): The seven great islands 
are surrounded by seven great seas. Jambil-dvlpa is the centre of all these, 
and in the centre of this is the golden mountain Meru. The height of Meru is 
84,000 yojanas and its depth below 16,000. Its diameter at the summit is 
32,000 and at its base 16,000; so that this mountain is like the seed cup of 
the lotus of the earth...The orbit of the sun is 100,000 yojanas from the earth 
and that of the moon an equal distance from the sun. At an equal distance 
above the moon is the sphere of the nakshatras. Mercury is 200,000 yojanas 
beyond, Venus 200,000 further still. Mars 200,000, Jupiter 200,000, and Saturn 
250,000 yojanas beyond Jupiter. The sphere of the seven j^ishis is 100,000 
yojanas beyond and at the same distance above is Dhruva, the pivot or axis 
of the whole planetary circle. Beyond Dhruva are the four heavens.., ,On 

^ Heraclides (350 B.C.) taught that “ each star is also a universe or world, suspended in the infinite ether, and 
comprising an earth, an atmosphere and an ether.” Heath, Aristarchus of iiarnos, p. 254. 

2 i, 1; ii, 16,114,118; iii, 46, 49 ; iv, 36 ; v, 33. 

3 i, 19, 71; ii, 2, 4, 8,16, 26, 26 ; iii, 46 ; iv, 16. 

* i, 19. 

M, 60; ii, 26, 41, 110 ; vi, 4. 

3 ii, 41, 100; iii, 49 ; iv, 12 ; vi, 4, 24, 64,103. 

’ vi, 106. 

8 ii, 4,114 ; ii’, 27, 37, 64 ; iv, 22 ; vi, 71. See also appendix ii, 

0 iv, 38, 42, 46. 

ERE iv, 160. 

» 2 
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Dliruva rest the seven great planets, and on them depend the clouds. As 
Dhruva revolves it causes the moon, sun and stars to turn round also, and the 
nakshatras follow in its circular path: for all the heavenly bodies are, in fact, 
bound to the polar star by aerial cords.... ^ 

The order and distances of these spheres from the earth are— 



Yojanas. 


Yojttims. 

Sun 

100,000 1 

Mars .... 

. 900,000 

Moon . 

. 200,000 

Jupiter 

. 1,100,000 

Nakshatras . 

300,000 

Saturn . * 

. 1,350,000 

Mercury 

500,000 : 

Seven Rishis 

. 1,4.50,000 

Venus . 

700,000 

1 Dhruva 

. 1,5.50,000 


This order was not strictly followed by the later astronomers who placod 
the sun in its correct relative position and the nakshatras or stars beyond the 
furthest planet, and omit the seven IRishis and Dhruva. Besides the five planets, 
Eahu and Ketu are mentioned, and each of the seven has a chariot drawn by 
eight horses (VP. ii.'^j 

It is implied that the winter solstice takes place at the beginning of the 
month Tapas (Magha), and an equinox s, apparently, supposed to take place 
in Krittika or Vifekha (VP. ii. 8). 

There is also a reference to the recurrence of the Krita age similar to that 
given in the epic. 

The seven JRishis, —One of the most extraordinary astronomical theories 
that occurs in Hindu literature is coimected with the seven Rishis, which are 
generally identified with the Great Bear. The principal authorities .arc the 
Pauranic texts and Varaha Mihira. The following is a PaurSnic version of the 
theory: “ The seven Rishis (were situated) equally with regard to Pushya while 
Prainpa was king. At the end of the Andhras, who will be in the 27th century 
afterwards, the cycle repeats (itself). In the circle of the nakshatras, wherein 
the seven Rishis revolve, and which contains 27 in its circumference, the seven 
Bishis remain 100 years in each in turn. This is the cycle of the seven Rishis, 
remembered according to divine reckoning® as 6 divine months and 7 divine 
years.”® 


^ Of. AetiuB, u, 23,1: “ The stars execute their turnings in consequence of their being driven out of their course 
by condensed air which resists their free motion.” Quoted by Hbath, Anetarehua of Samos, p. 42. Aristotle, also 
speaks of the winds as causing the heavenly motions, (ib, p. 33.) * 

? A divine year is 360 ordinary years. 

® No satisfactory explanation of this passage has yet been given. If the nakshatra scale wore a relatives scale 
like the western zodiac, then the revolution of the constellation might be accounted for by precession. The difiicultv 
lies in the period of 2,700 years : the actual period of precession is about 26,696 years while the later Hindu texts 
give 24,000 years. Albiruni {India xlv) questions the figures and attributes to Varaha Mihira the statement that 
the Great Bear remains 600 years in each nakshatra. Now 600x27=16,200 and docs not help us (but 900x27 = 
24,300 would). ^ The text however gives 2,700 in three distinct forms and can hardly bo questioned. A possiblo 
explanaUon. s in connection with the inaccurate length of the year in use. Suppose, for example, it was known 
that the orthodox elements were wrong, and that the error in the length of the year was estimated to be about one 
day in a cyi:la of eight years. A reconciliation could then be achieved by making the constellations revolve onot 
iu about SOOOyei^^ Colebeooke Essays ii, 366 f.; JAGS 1868, p. 364 ; AxBiEONf i, 3«9 f : SaMitd 

Oh. xiii. Bbeitnand’s Hindu Aslrcmcmy Ch. V. should be read. * 
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CHAPTER ly. 

Early formal astronomy. 

23. Of the chronology of the period marked A2 in the scheme given in 
-paragraph 8 above we know practically nothing except the epoch of Pmicimalia 
.Siddhmta, which is definitely fixed at 2 Saka or A.D. 80. The other texts 
-usually attributed to this period are the Jyotisha Veddi^a, the Surya'prajm'pti, 
and, we may add, certain sections of the Kaufllya ArtJiaSdstra. 

The main astronomical features of these works are (a) the five-year 
cycle of 5 X 366 days, (6) the omission of all reference to planetary phenomena. 

The Jyotislm Veddi^ga^ employs a cycle of five years of 5x366 savana or 
civil days, 5x367. sidereal days, 61 months of 30 savana days each, 62 synodic 
months and 67 sidereal months. The number of risings of the moon is given 
as 5X366—62=1768 and the moon crosses the ecliptic 134 (=2X62+2X5) 
times. A so-called ‘ solar day ’ appears to be referred to. 

The sidereal day dropped out of use in later Hindu works; the lunar day 
based on the analogy of the solar day and counted from moonrise to moonrise 
• does not appear ever to have been used in practice, and was later on superseded 
.by the tithi, of which there were 30 to the synodic month. The tithi is 
•not defined in the Jyotisha VeddAga but it is implied and its length was (i-A) 
of a savana day. The elements given and implied are here summarised. 


Jyotisha VbdAnqa Elements. 


5x366 = 1830 savana or civil days = 61 moni 
6x367 = 1835 sidereal days — 67 sidcr( 

5x366 — 62=1768 lunar days 

5 X 372 = 1860 tithis — 62 synod 

1 solar day = 1 - 1 - savana days. 

1 tithi =1 — -jiV „ „ 

1 sidereal day = 1 — 7 ^ 7 - „ „ 

bhs of 30 savana days each. 

jal months of 272 , savana days each / 

V= 0 years, 

ic months of 30 tithis each. ) 

1 savana day = 1 _ solar days. 

1 » » = 1 -f 1 ,‘c tithis. 

1 „ „ = 1 f v sidereal dayi. 

1 year = 366 savana days = 372 tithis = 367 sidereal days = 360 solar days. 

1 synodic month=29-J-f savana day3=30 tithis. 

1 sidereal month = 27^| savana days. 


The cycle of five years began at the winter solstice with the new moon in 
‘^ravishtha. The identification of Sravishtha is uncertain but modern books 
give the small group of stars p, a, y, 3, Delphini, and the winter solstice occurred 
there about 1400 B.C. But the year of 366 days is so inaccurate that the 
.error of position calculated according to the Jyotisha Veddnga would in some 
600 years amount to 360 degrees. Thus the effects of precession were completelv' 
masked and it is not surprising that there is no reference to that phenomenon 

1 See A. Wbbbb Uher den Veda KaUndar ; 6. Thibapt Jour. A*. Soe., Bengal, 1877, pp, 411r-437 ; T .r. OaHOXa 
. LaIj The obacure-texl of the Jyotisha Yeda^ga explained* 
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Tlie calculations given for the positions of the solstices are even more erroneous 
still. It is indeed probable that the winter solstice referred to was a nominal 
one, like the vernal equinox still employed in India. 

The chief characteristic of the Jyotisha Vedd'nga appears to be what may 
be termed the zodiacal calculations. The 27 nakshatras each occupy the same 
space, namely l^ degrees’-; but the positions of these nakshatras relative to 
the stars is nowhere defined, and consequently the initial point of the ecliptic 
is completely unknown. There is a suspicion -that the nakshatras scheme was 
employed like the -western zodiac as a relative scale of measurement only and 
not as a definitely fixed scale. The principal parts of the text are concerned 
with calculation of the motions of the sun and moon relative to this scale 
and the positions of the moon in it at the solstices and at new and full moon. 
Eor example : The sun remains in a nakshatra ^ =13-| days, and the moon remains 
in a nakshatra = 15 ^ days. Also since there are 186 lunar days in one ayana and 
since 186 = 6 mod. 30, successive solstices -will occur on the 1st, 7th, 13th, 19th and 
25th lunar days. Also the moon traverses 27 x 67 nakshatras in 10 ayanas or 
^■W V — P V 27 + 18 i^) nakshatras in p ayanas. We may neglect the whole 
revolutions and p ( 181 * 0 ) will give the position of the moon, and making p = 1 ^ 
2, 3, etc., we get the successive positions as 18j^, 37 1 *\,, 56i^o» 113 1 ^ 0 ,.132 

170 1 ’-o or, after subtracting multiples of 27, 18i®Q, lOi^^, 2i'o> 21 ^u)i 24j’’„,, 

16/o, and the nakshatras in which the moon will be atsucoossive solstices are the 
19th, nth, 3rd, 22nd, 14th, 6 th, 25th, 17th, and 9th counting from ^ravishtha-. 

The results actually given in the text may be tabulated thus:— 


W inter solstice. 

Position op the moon. | 

Summer 

1- 

Position op the moon. 

Nakshatra. 

Its No. 

solstice. 1 

i 

Nakshatra. 

1 

Its No. 

1 

At beginning of Sravistha 

i 

2 . 

Chitra .... 

xix 

3 

Ardra 

xi 

4 

P. Bhadrapada 

iit 

6 

Anuradha 

xxii 

6 

Adlcsha 

xiV 

7 

Asviiji 

vi 

8 

P. Asha(Jha . 

XXV 

9 

1 

U. Phalguni 

xvii 

10 

Rohiiji . . 

ix 


New and full moon .—^Next is given a very curious (and very inaccurate) 
table showing the position in each nakshatra at which a new or full moon 
takes place. Each nakshatra is divided into 124 am^as or parts and the results 
are tabulated, not in order of occurrence but, in the order of position -within 
the nakshatras, thus:— 


AnUas . 


1 

2 

»■ 

4 

s 

6 

7 

■ 8 

9 

10 

11 aa’is 

1 

14 1 16 

16 

*17 18 19 

1 1 

20 

SI 

22 

28 

24 

26 

26 

27 

N&mhfttras 

\l 


1 

XTl 

xxl 

xxvi 

iv 

lx 

xlv 

xix 

XXiT 

il |vl 11 

xviixxll 

1 

xxtU 

1 ^ 

vx 

1 

XXV 

1_ 

ill 

vlli 

xsi; 

xvUi 

xxiii 

i 


1 Note, however. thAt the unit of measurement is the nakshatra and not the degree. The nakshatra was divided 
into 124 or parts, each am^a thus being equivalent to 3'6 minutes of arc. 
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where i stands lor ^ravishtha', vi for Aivini and so on in order. Although 
it is not so stated the full moons occur at the odd numbers of amSas and 
the new moons at the even numbers; and the table means, for example, that 
when a new moon occurs in the xth nakshatra (i.e,, Mrigasiras) it will be at 
the 18th aitsa or division. The rationale is as follows: Since in the five-year 
cycle the moon is in syzygy 2x62 times, and since during that period it 
traverses 27x67 nakshatras, we have — 14^* nakshatras between each 

syzygy or parvan, and for the A?th parvan the position of the moon is given 
by 14cB-f73a:/124=j;. Solving 73a5=,nmod.l24 we get n—0, 1, 2, 3, 4 for a:=0 
17, 34, 61, 68, or a5=17»i. Therefore y=nxQx27+n and Sw-fl is the 
nakshatra in which the moon lies when the arhsas are n. 

Length of The length of day I is given by the rule i =12 ±2(183—n)/61 

where n is the number of days counting from a solstice. The longest day is 
therefore 18 muhurtas=14 hours 24 minutes, the shortest day is 12 muhfirtias=9 
hours 36 minutes and the daily increment is muhiirtas=l minute 34'4 seconds. 
Time was measured by a clepsydra of which one prastha was equivalent to the 
•dailv increment. 

Jaina astronomy. The SCnYAPRAJfiAPTi. 

24. The principal source of information about the Jaina astronomical text 
known as the Snryprajnapti is Malayagiri’s commentary, and this hac been 
expounded briefly by Weber'^ and more fully by Thibaut.''* The SHryapmjmpti 
is, from the astronomical point of view, of much tlic same type as the Jyotisha 
Vedanga, but, possibly, it is of a later period. 

Popularly the most marked feature of the system set forth in the 
■Suryaprajmpti is the somewhat strange cosmography that appears to have 
been peculiar to Jaina teaching. As in the Purilnas, Mount Morn is placed 
at the centre of the earth, and round Mem are seven conc^entric annuli. Of 
these the innermost, Jambu-dvipa, is divided into four quarters of which the 
southernmost is Bharata-varsha (India). The heavenly bodies move parallel 
to the surface of the earth, with the centres of their orbits at Meru, which 
intercepts their light*. This scheme presents certain difficulties in explaining 
the alternation of day and night, etc. These difficulties the Jainas tried to 
overcome by assuming two similar but opposite suns, two moons, two sets of 
stars, etc.'"’ This duplication of the heavenly bodies was animadverted upon 
by later Hindu writers, but the absurdity lies in the assumption, common to 
all Hindu teaching of the period, of Mount Meru, the four quarters of the world, 
etc. 


1 For a list of the nakshatras, see appeniix iii, p. 118. 

2 Ind. Stud. 1867, x, 254 f. * JAHB 1880, 107 f. and 181 f. 

* Compare Aristotle (Met. ii, 1364 a who says: “Many of the ancient meteorologists were persuaded 
that the sun is not carried under the earth, but round the earth, and in particular our northern portion of it, and 
that it disappears and produces night because the earth is lofty towards the north.” (T, L, Hbath Aristarchus of 
Samos, p. 41.) 

Aetius writes; “ Xenophanes says there are many suns and moons according 1;o the regions, divisions an 1 
Bones of the earth.” Hbath, p. 66. The early Christian writers exhibit far more absjjrd cosmological notions. 
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The astronomical elements of the Suryafrajnofti may be smnmansed as follows: 


The cycle "of 6 years consist of 

« 

The year consists of 

The months are 

1830 savana days 

366 savana days . 

solar month=30J savana days. 

1860 tithis 

367 sidereal days . 

savana month=30 savana days. • 

1800 solar days . 

360 solar days 

synodic month=30 X (1 — ]yV)* 
savana days. 

60 solar months 

12 , solar months . 

sidereal month=27|{- savana. 
days. 



The days are 

61 siivana months 

12 savana months 

solar days=(l + Vc) savana 

days. 

62 synodic months . : 

12 or 13 synodic months 

tithi=(] -- Tj'g) savana days. 

67 sidereal months . 

2 ayanas of 183 days each . 

sidereal day=(l —savana 
days. 


The cycle is also divided into five lunar years of which the first, second 
and fourth consist of 12, and the 3rd and 6th of 13 synodic months. The 
^nodic month is also divided into two lunar aycmas and six lunar seasons. 

The cycle commences at the summer solstice when the moon is full at 
the beginning of Abhijit and thus differs from the Jyotislia Vedait,ga scheme. 
Thibaut argues^ that the Suryaprajmfti scheme is a modification of that of 
the Jyotisha Vedanga, due to observation, and the change is duo to the solstices 
having moved through 17^ degrees, the space occupied by Sravana and Abhijit. 
A precession of this amount is equivalent to about 1250 years; but Thibaut 
lightly cautions his readers about the soundness of this deduction, which is 
extremely doubtful, owing to the general ambiguity of the texts, and, in parti¬ 
cular, owing to the difference in the scales employed (to be shortly explained), 
to the crudeness of the observations and to the very great errors in the elements 
employed. If Abhijit is to be identified with aLyrae, as it invariably has been, 
then the date of observation must have been about A.D. 850, when the winter 
solstice took place at the same longitude as a Lyrae. 

The ecliptic is divided into 28 unequal divisions to which the names of 
the nakshatras beginning with Abhijit, are given. The scale is coimected with 
the ffldereal month, which was ^ = 27|^ savana days, j}he whole circle of 
the ■ ecliptic being divided into 27^ parts®, allotted as follows:— 


Nakshatras 

i 'a 

m 


V vl vii 

vUl 

lx 

1 

X xi 

1 

rii 

xlli 

xlv 

XT 

TTi 

xvli 

XTill 

xix 

XX 

xxl 

xxU 

xxili 

XSiT 

XXT 

XXVI 

TXVlI 

xxvlil 

TOYAXi 

XimespaoSs 


1 

i 

lUj 1 

1 


lU 

1 

1 

1 

U 

1 


1 ^ 1 

1 

li 

X 

1 

k 


1 


1 

1 

u 

278f- 


i JAS3,1880, p. 117. 

Aft-er the fasliion of the time mearares ox Hypsiclep. 
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Each time space unit is equivalent to degrees. The scale is very 

diJSerent from that of the Jyotisha TeMiiga and as in neither system is the 
position of the initial point defined it is almost impossible to compare any of 
the statements made with reference to the two systems. 

The sun revolves round Mount Mem always at the same height from the 
plane of the earth, namely 800 yojanas, but at varying distances from Mount 
Mem.^ The radius on the longest day is 49,820 yojanas and on the shortest 
day it is S0,330 yojanas, the daily increase being •H§= 2 |f yojanas. The 
lorgest day is, as in the Jyotisha Veda^a, 18 muhurtas (=14’4 hours), and 
the shortest 12 muhflrtas (=9*6 hours), and the daily change muhfirtas (=1*57 
minutes), and the corresponding latitude would be about 36 degrees. 

To overcome the difiioulty of explaining the rising and setting of the sun 
it is assumed that that body becomes visible only when he is within a distance 
equal to half the extent of his day’s journey. 

The moon is also supposed to move in concentric circles round Mem at 
a distance of 880 yojanas from the plane of the earth, that is 80 yojanas further 
away than the sun. It enters into conjunction with the sun 1830—1768=62 
times and completes 67 sidereal revolutions in the five years. 

The ecliptic is divided (as already explained) into sfivauu day spaces or 
muhurta spaces and consequently the sun moves through *+*04 jn? 

muhurta spaces in one synodic month.® 

The positions of successive solstices are given in titliis as in the Jyotisha 
Vedanga. Since 186=6 mod.30 the successive solstices will occur on the 1 st, 
7 th, 13th, 19th, 26th tithis. 

It is just mentioned—no details being given—that the planets travel 
faster than the sun and the stars, and the stars faster than the nakshatras. 
.Thibaut says® that the latter statement is entirely indefensible and that no 
reason leading to it can well be imagined; but there is a possible explanation, 
namely that the nakshatras were considered as a scale fixed with reference to 
the equinoxes, exactly in the same manner as the zodiac is now considered , 
and that the stars precessed with reference to the equinoxes. 

1 For a revival of this notion see A. Db Morgan A Budget of Paradoxes ii> p. 90 {2ud edition). 

2 In 62 synodic months tho sun traverses the whole ecliptic 6 times and vj®.; of of 4097B^r****66*f 

6ax67* 

^ JASB, 1880. p. 185. 


£ 



-22 


HINDU ASTBONOMSr. 


CHAPTER V. 

Special topics. 

26. In tlie present chapter it is proposed to collect and arrange the matorial 
relating to the several special questions that have arisen. This will lead to a 
certain amount of overlapping, which, however, cannot well ho avoided, and 
is not altogether obiectionable. 

The topics of particular interest that will be discussed arc (a) the ecliptic 
scale of 27 or 28 nakshatras, (6) stars and constellations proper, (c) the year, 
cycles, equinoxes, solstices, (d) precession, (e) the months and seasons, (/) tlie 
planets, particularly with reference to their late appearance in Hindu works, 
(gi) the demons of eclipses—^Rahu and Ketu, (h) the planetary week days, (i) 
heliacal risings and settings of stars, (j) the cycle of Jupiter, (k) Mount Morn. 
Of these topics some (/, ff, h, i, j) perhaps do not strictly belong to the early 
period (A) of Hindu astronomy, although certain writers include them into that 
period.. This section therefore forms a sort of connecting linlc bcitwcen the 
periods we have designated A and B (§ 8). 

26. Nakshatras. —The early records appear to indicate that the ecliptic 
was roughly plotted out, in a manner analogous to the western zodiiui, into 27 
or 28 groups of stars called nakshatras. ’ These have sometinios boon terniod 
' lunar asterisms ’ or ‘ lunar mansions,’ and, although the term nakshatra does 
not itself suggest this connexion, the Bloch Yajur Veda (KS^ xi, » and TB ii, 3, 
6) and the MaMbharata (ix, 36®) state that the nakshatras were wedded to 
Soma. The Rig-Veda gives no complete list of the nakshatras but it mentions 
three probable asterisms—Tishya (v, 64“; x, 64«), Aghas and ArjuHl-(x, 85”); 
and it has been suggested that there is a reference to the 27 nalcshutraa in 
i, 162“ Lists are given in the AtJmva Veda (xix, 7), the Taittinya Sa>hiiUa 
0v 4, 10), the EatM Samhitd (xxxk, 13), the MaitrayaHn SamUia (ii, 13“'), the 
ScUa/pa£ha Bralrmva (x, 6, 4°), etc., etc. The Usts agree generally but the 
number of nakshatras is variously given as 27 and 28. The Atharva Veda a.nd 
MaitrdyaifViya SathUtd lists have 28, while the Taittinya Samhitu and the 
^atapatM Brdhmana, etc., give 27. Of the more modern texts the Jyotisha 
Vedd^a and the Surya Siddhdnta (ii, 64) imply 27, while the SUryaprajnapli, 
the BrdhmaspTiutasiddhdnta and the Surya Siddhmta (viii, l f.) imply 28. Whether 
27 or 28 was the original number is uncertain. Abhijit is the extra nakshatra 
and there is a legend that it dropped out (MB ui, 230“) although the TaiUinya 
Brdhrmva (i, 5, 2*) marks it as a new-comer. The numbers 27 and 28 suggest 
a connexion with the sidereal month, but in the early texts the only month 
pfeiTed to IS one of 30 days and even in the later works the synodical month 
is divided into 30 tithis. The Arabic ManSzil and the Chinese Sieou consist 
of 28 asterisms and the Chaldean scheme has the same number; and the con- 


^ For explanations of the abbreviations employed see page 127. 



SPECIAL TOPICS. 


23. 


nexion between these sjstems and the Hindu nakshatras has been the subject 
of much discusMon.^ 

No satisfactory explanation of the difEexent numbers has been achieved > 
Weber thought 27 was the older number but the authors of the V&dic Index 
suggest that Abhijit was omitted and that the number 27 =3® appealed as 
being of a more mystical nature.^ In the lists of nakshatras it will be noticed 
(see appendix iii) that there are not 27 or 28 different names but only 24 or 25. 
The former number is suggestive and seems to indicate the possibiliiy of a divi¬ 
sion into 24 half signs (Jiord, cf. 'pm'van), and this is to some extent sup¬ 
ported by the connexion between the names of the months and the 
nakshatras®. 

The positions of the nakshatras in the heavens are not defined at all in 
any of the early texts. Even up to the time of Varaha Mihira (6th century 
A.D.) nothing adequate is given in this direction: the PamhmiddhantiM gives 
the yogaimds of seven asterisms only and their positions are indicated in a very 
crude manner and with little attempt at accuraey (see section 63); indeed the 
identifications with certain stars or constellations are all comparatively modern, 
and, apparently the nakshatras never were completely so identified by flindu 
astronomers. About A.D. 1000, however, the initial point of the Hindu sphere 
was marked by the principal star of the nakshatra Kovati which was identified 
with ? Piscium, or, by some authorities, the initial point was placed ten degrees 
west of ^ Piscium. 

Although in the early texts there are many cases in which the positions 
of the sun and moon are defined by reference to the nakshatras, e.g., ‘ the full 
moon in Phalguni,’ etc., yet there is nothing that defines the nakshatra scale 
earlier than the JyotisJia Veddfbga, wliich divides the ecliptic into 27 equal 

nakshatras and marks the winter solstice by Sravishtha (see § 23). The 
Sufya/prajnaiM divides the ecliptic, on the basis of the sidereal month, into 
27|4- equal parts giving half a part to each of six nakshatras, a whole part 
to each of fifteen, one and a half to each of six, and the remaining 1-^ to Abhijit, 
while the sun in Abhijit marks the winter solstice. At some period or other 

the names of the months and the names of the nakshatras were made to corre¬ 

spond to a certain extent (see § 29). 

None of these scales definitely ■ suggests that the nakshatras were con¬ 

stellations: rather, on the other hand, they do suggest that the nakshatra scale was like 
the western zodiac, a sort of sliding scale* of which the zero point was an equinox (or 
solstice). This possibility of the nakshatras being the names of divisions of the ecliptic 
and of their not being connected with any particular constellations has, apparently, 

^ See Ser W. Jones Works iv, 71; H. T. Colkbrooke Essevys ii, 321; A. Wjbibhb Ind. 8iud> ix p.424 ; x, 213, 
eto., G. D. Whitney Studies ii, 341; JAOS vi, 1858, p. 467 f; and viai, etc., J.B. Biot Astrorumie «?7icie??ne, eto.^ 
etc. ; G. Thebaht JASB Ixiii; etc., etc. 

• A passage in the Satapatha Brahxnaj^a (x, 6, 4®) that refers to 766 altar brioks^^has been described as a pieo® 
Of priestly nonsense, but it is rather curious that 766=27x28. 

* See AlbieOni {India i, 358), who was inclined to think that the Hindus had divided the ecliptic into six parts^ 

♦There is evidence, however, that the eq.uinoxes and solstices were thought to be absolutely fixed and that the 

constellations moved (see § 62). 
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not yet been consideied, bnt it is rather attractive. In Greek astronomy the zodiac 
names, presumably, did originally refer to particular constellations, but later 
they were used as a measure of the ecliptic (reckoning from the vernal equinox). 
Owing to the precession of the equinoxes the names of the signs no longer 
have any real connexion with the constellations: Aries occupies the 30 degrees 
of the ecliptic east of the vernal equinox. Taurus the next 30 degrees, and 
so on.* There is other weighty evidence in support of the ‘ sliding scale ’ 
hypothesis. For example (o) According to the iSatapaiha Brahmvja (ii, 1, 2*) 
Kyittika never moves from the east, ^.e., it marked the junction of the ecliptic 
and equator quite independently of any constellation, (6) the Suryaprajmpti 
tells us that the stars move faster than the nakshatras, (c) the PurSnas all 
record that the constellation of the seven Kishis gradually revolves through 
the nakshatras. t 

The early lists of the nakshatras all begin with Kyittika, which, if equiva¬ 
lent to the Pleiades, marked the vernal equinox about 2300 B.C. The Jyotisha 
Vedd'Aga puts Sravishtha first, while the MahahTiaraia substitutes Sravayia, the 
Surya Siddhanta gives Asvini first while the Svryaprajnapti begins with Abhijit. 
These form two groups—Kpittika to A^vmi and Sravishtha to Abhijit, separated 
by about one quarter of the ecliptic (see the list in appendix iii). 

The change from Krittika to AsviBii seems at first to be an astronomical 
one inspired by a knowledge of the effects of precession, but there are grave 
obiections to this explanation (see § 31) and Tilak and Fleet suggest that the 
original order was either a ritualistic or an astrological order. According to 
Tilak it is stated by Garga that Krittika was first for purpose of ritual and 
that for the calendar Sravishtha was first; while Fleet in one of his latest 
papersj wrote—“I hope to revert to this matter in a paper in which I shall 
show that the Kyittikadi list has no basis in the fact that the sun once came 
to the vernal equinox in Kyittika, but belongs entirely to ritual and astrology.” 

Another possible explanation lies in the various practices in different parts 
of India regarding the commencement of the year (see § 32). 

Stars and constellations. 

27. It is very noticeable that the nakshatra names in the early works are 
nowhere definitely connected with particular stars or constellations. It is only 
in comparatively very modern texts that such a connexion is given and even 
in quite modern times the identifications are often doubtful. Albirfini said 
that he could find no Hindu astronomer to identify them aU, and so did Sic 
William Jones and H. T. Colebrooke. Of stars and constellations actually or 
probably mentioned as such the following is a fairly complete list. 

♦The EKndufl, it may he noted, make a further abstraction still and employ the term Aries to denote arty arc 
of 30 degrees, Taurus to denote 60 degrees, and* so on. 

t The nakshatra Purusha as given in the Brihat SarhUia (LYUL, 106) cannot be made to fit the constellations. 
It is probably based upon the Elala Purusha (BJ i, 4) a human figure made up of all the signs of the zodiac. 

J JRAS 1916, p. 670. Dr. J. F. Fleet, to whose kindness and scholarship so many of us are indebted, died 
io February 1917. It is to be hoped that his thesis will be made avaiwSle, although it could hardly eliminate the 
desire for an astronomical explanation of the Kyittikadi list. 
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Dhkuva, the Pole Star, appears late.^ Jacobi identifies it with a Draconis 
and thinks it was actually observed about 2780 B.C. The Maitrayaija-brahinajgLa 
Upanishad speaks of ‘ the moving of Dhxuva ’ as inconceivable. 

Thb Sevbn IRishis,^ are usually -identified with Ursa Major. They were 
the husbands of the seven Krittikas and they rose in the north. Che Purarias 
relate, and it is repeated by Varaha Mihixa (BS xiii), that the seven TRialiig 
were in Magha 2536 years before the .Saka era, and that they remain in each 
asterism 100 years. The names of the seven Rishis are given in BS. siii but 
appear to have no astronomical significance. 

Thb Krittikas are generally identified with the Pleiades. They are usually 
seven and are the wives of the seven Rishis. Their names are* Amba (‘ a 
mother’), Dala, Nitatni, Abhrayanti (‘forming clouds’), Meghayanti (‘making 
cloudy ’), Varshayanti (‘ causing rain ’). The rain producing function appears 
to have been rejected later (e.g., by Varaha Miliira, BS xxi, 5). The Kyittikas 
are said to rise in the east and not to move from the eastern quarter.® 

RoHi]srl6 is identified with Aldebaran, (a Tauri), but the term means ‘ red' 
and is also applied to the nakshatra Jyeshtha. Prajapati (Orion) pursued his 
daughter (Rohini) and was shot by Mriga Vyadlia (Sirius) with the arrow (Ishu 
Trika5Lda=Orion’sbelt). The myth was, in the Greek fashion, put into a star picture- 
According to western legend Orion was a hunter, who, with his dog Sirius, pursued the 
Pleiades, or was pursued by the^bSar and killed by the scorpion. Another Rohirii myth, 
where she isi^e favourite wife of the moon, is given in MB. ix. 35. This seems to be 
the basis of chapter xxiv of the Bfilial SamMta. (See also appendix ii.) 

Mbiga.—M riga denotes ‘ animal ’ and in the Rohini legend is identified with 
Prajapati and the legend is obviously connected with the Greek story about 
Orion. Tilak however, makes a special constellation of Mriga consisting of (as 
far his description is understood) p, x, s and 8 Oriouis. 

Mibgavyadha, ‘ the hunter ’, is Sirius in the Rohipi legend. 

Divva Svan, ‘ the divine dog ’, may in AV. vi. 80 denote Sirius. 

The three KalakaSjas are mentioned only in the same passage with Divya 
Svan (AV. vi. 80) and may refer to K, e, 8 Orionis. 

Tishya may refer to a star or constellation. There are two interesting 
references in the Rig-Veda: The first speaks of Tishya vanishing from the sky: 
the second enumerates with Tishya 21 rivers, floods, mountains Agni, Kyishanu and 
Rudra—28 items in all. Fleet identifies Tishya with Prsesepe, others suggest Sirius. 

Arundhati is an unidentified star often referred to in Sfltra literature. TBiaAfeu 
as a constellation shines ‘ head downward ’ but is also unidentified.^* 


1 AGS-i, 7S»; §GS-i, 17* ; LSS-iii, 3« ; MBU-i, 4; R-VI‘. 

* BN-x, 82* ; AV-vi, 40*; SB-ii, 1, 2*; 8, 1»; MB-V,. 110. » gB-ii, 1, 2*; etc. 

* TS-iv, 4, 6^ ; TB 1, 4^; etc. (For the meanings of the abreviations here employed see page 127- 

® SB-ii, 1, 2K 6 TS-ii, 3*^'; AB-iii^ 53 ; SB-ii, 1, 2*. 

’ TS-ii, 3®; IMGB-ix, 35; R-i, 1; R-ii. 13 114 118 ; R-iii, 46; R-V, 33, etc.; BS-XSIV. 

9 AB-iii, 33®. « Orion, p. 96, 

10 AB-iii, 33®. 11 BV-v, 641*. bV-x, 64». 

1® JRAS, 1911, p. 614 f ; see also TB-iii, 1, IK 

1® Bamayai^ LX is devoted to Tn^hku’i^ translation. See also VP-iv, etc. The ‘ Southern Cross ’ has been 
suggested. 
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Of later ■works the Sikya SiMMnta mentions only seven stars besides the nakshatias, 
namely Brahmahridaya (a Anrigse), Agni ox Hutahhuj (p Tanri) Prajapati or Brahma (S 
Anrigse), Mrigavyadha or Lnhdhaka (Sirius), Agastya (Canopus), Apas (0 Virginis) and 
Apamvasta (S Virginis). 

28. The year. —The only year clearly referred to in the Eig-Yeda is one 
of 360 days and 12 months. Attempts have been made to discover references 
to years of other lengths but not with success: Neither is any cycle definitely 
mentioned.^ There is, however, a reference to a thirteenth month of 30 days in the 
Atharva Yeda and in the Brahmanas a thirteenth month of 35 or 3,6 days is men¬ 
tioned. In the Mahahharata is a bare mention of a 6-year cycle, ■which remained in use 
until A.D. 80 and, possibly, to a considerably later period. By A.D. 605 larger 
cycles had come into use, and finally the cycle of 4,320,000 was permanently 
adopted. The following table summarises the main facts:— 


Eig-Veda. 

Atharraveda. 

Eiahmanas. 

Mahahharata. 

Jyotislia Vedafiga, Faitamaha Siddh. 
Suiyaprajnapti, Kautilya's Arthadastra 
Bomaka Siddhanta .... 


Suiya Siddhanta i. (circa A.D. 500) . 
Suiya Siddhanta ii (area A.D. 1000) 
Ditto ditto 


. 360 days and 12 months. A possible reference to a 
thirteenth month. 

. A thirteenth month of 30 days. 

. A thirteenth month of 35 days, and one of 36 days. 

. A 5-year cycle is mentioned. 

‘ j. A 5-year cycle of 1830 days. 

. A cycle of 2,860 years, or 1,040,693 days; whicli 
reduces to 19 years and 6,939 days. ((?/. the Metonie 
cydo of 19 years and 6,940 days). 

. A cycle of 180,000 years or 65,746,675 days. 

. A cycle of 1,080,000 years or 394,479,457 days. 

. A cycle of 4,320,000 years, or 1.577,917,828 days.^ 


29. Months and Seasons.— We have two sets of names for the months,, 
neither of which is very early— 


Moaths. Sestsoas. 


Crja 

. Blarttika (Octoher-Novemher) 

Sarad (AutuDon). 

Saha 

. Marga^irsha (Novembei-Decemher) 

) 

Sahasya . 

. Pansha (Dcoember-January) . 

r Hemanta (Winter). 

Tapa . 

. Magha (January-Fobruary) . . -j 

i^i&ca (Dewy season). 

Tapasya 

. Phalguna (Febmary-March) . . i 

Madhn . 

. Chaitra (Maroh-April) . . . ^ 


Madhava 

. Yai^akha (April-May) . . . ' 

• Yasanta (Spring). 

§ukra 

. Jyaish^tha (May-Jnne) . . .' 

k 

^uchi 

. Ashadha (June-July) . . . J 

r Grishma (Summer). 

Nahha . 

. Sravana (Jtdy-Aug-ost) . 

1 Tataha (Rains). 

Nahhasya 

. Bhadrapada (Augusfc-Septemher) . . 


Isha^ 

. Afivina (September-Oebober) . 

Sarad (Autuma). 


^ ■Weber states that “ the earliest allusion to the qminqueimial yuga ocours iu the ?ik itself i, 26».” (Eietorv 
of Itaian Literature, p. 113). The passage in question is : “ He, who accepting the rites, knows the twelve months 
and th^ produotion, and that which is produced in addition.” At the best 'Weber’s statement is a very doubtful 
deduction; hut see also R. Shamasastry’s CfavdmAyana, to which lefeienoe is made in § 32. 

* See also appendix iii, 4 ■ Crj« and Itha are, more or less, synmomous. 






MONTHS AND SEASON. 


27 


The first list, wMcli is possibly the older, is obviously not a list of twelve 
iiionths but of six seasons adapted. The second method of naming is only 
beginning to be used in the Brahinanas but is regularly employed in the Maha- 
bharata. It consists of the names of twelve of the nakshatras and it is usually 
explained that the month was originally named after the nakshatra with which 
the moon was in conjunction at the end of the parvan, or half month (SS. 
xiv).^ In the earlier period the seasons appear to have been three in numberj 
and later grew to five or six; and even seven are mentioned (AV. vi. 61; 
HB. vii. 5-1, etc.) in the post-Vedic times six was the number generally 
accepted. 

30. Solstices and equinoxes.-— In the Rig Veda (X. 2^; X. the ‘ way 
of the fathers ’ {PUfiymm) is mentioned in contradistinction with the ‘ way of 
the gods ’ {Devaydmt) ; and in the iSatufaiJM Bralmana (ii. 1, 3) we read—“ The 
spring, the summer and the rains—these seasons the gods; and the autumn, 
tlie winter and the dewy season represent the fathers... .Now when he (the 
sun) moves northwards, then he is among the gods, then he guards the gods ; 
and when ho moves southwards then he is among the fathers, then ho guards 
tlie fathers.” Tilal-c concluded^ that the Piff iydm and Devaymta of the earlier 
texts might be equated with the DaksMi^ymia and Uttardyn'm of the later 
texts; and that the LJUardyana or ‘ northern progress ’ began with the vernal 
equinox. But the astronomicid conception of the two portions of the sun’s 

path is comparatively late and the orthodox view certainly was that the solstices 
divided the two portions—^the uttu/rdyema or ‘ progress northwards ’ and the 
daJcsJdndyana or ‘ progress southwards.’ The PamhadMMtiliM says (iii. 25) 
The northern progress of the sun begins Avith tlie first point of Capricorn,” 
and this is the natural interpretation of the term utUMayam. 

The term for equinox used in modern works is vishuva^, which may be 
rendered ‘ point of equal separation.’ Although Ilaug translates the term, 
vishuvat by " equator ’ he is possibly wrong ;* for the term, as an astronomical 
one does not appear in Hindu works before the Greek period. Indeed, with 

an astronomical meaning, the equinoxes, even for the later Hindu astronomers 
denoted only the time when days and nights were equal. The idea of 

the equinoxes marking the intersection of the ecliptic and equator is not 

explicitly referred to; and the notion of a celestial equator is nowhere clearly 
exhibited. 

In the Jyotislm Yed3hga the rules for calculating the positions and tiTnaf i 
of occurrence of the soltices state that they recur in order on the 1st, 7tb. 
13th, 19th, and 25th lunar day and that the nakshatras in which the moon 
will be at successive solstices are the 19th, 11th, 3rd, 22nd, 14th, 6th, 26th 
17th, and 9th; and these results are based upon an interval of 183 days between 
successive solstices. 


1 It is jjomhle that the nakshatras were named after the months. 
® Orion, p. 24. 

♦ AB iv. 18 ; See also AB, iv 22 and T8 vii 4*. 
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31. Precession. —Observation of the change in the positions of the equinoxes 
or solstices relative to the fixed stars requires a series of fairly accurate records- 
spread over a considerable period of time. It implies a fairly accurate know¬ 
ledge of the length of the year and eventually it leads to the differentiation 
between the tropical and sidereal year. The actual amount of the precession 

in longitude is about 50'26 seconds of arc a year, or, put in another way, the 

difference between the sidereal and tropical year is a little over 20 minutes 
of time; and the first requirement for its observation is that the length of 
the year must be known with an accuracy of the same • order (i.e., the error 
in the length of the year should be less than 20 minutes). Hipparchus’ value 

of the length of the year was only a little over 6 minutes too long, but the 

Hindu year, before the advent of Greek teaching, was over 17 hours too long, 
and it was therefore practically impossible for them to note the precession 
of the equinoxes. Further, the positions of the solstices (and equinoxes) were, 
according to their calculations, even more erroneous than their length of the 
year; and they, apparently, neither recorded nor observed the positions of 
any star with any exactitude, and even in modern times they did not differen¬ 
tiate clearly between the tropical and sidereal year. 

Such considerations seem to preclude any possibility of a knowledge of 
precession by the early Hindu astronomers; and, it may be added, that if 
they had such knowledge, they apparently thought it of altogether subordinate 
interest and importance. 

But there is a type of astronomical record altogether different from that 
ws have been considering, the type that is not a record of direct observation 
or calculation, but is rather a reflection or echo of teaching in other countries 
or in earlier times. The discovery of precession has generally been attributed 
to Hipparchus (circa 130 B.C.), but the opinion now seems common that the 
Babylonians had a clear conception of it long before his time. According to 
Jeremias^ the Babylonians calendar was periodically rearranged with reference 
to the position of the vernal equinox. The ages of the Twins, the Bull and 
the Ram thus corresponded with the vernal equinox in those constellations. 
If this is the correct interpretation of the evidence (I doubt it) then we should 
not be surprised to find some reflection of the same phenomena in Hindu works. 
A list of references to passages that might bear some such interpretation is 
given below (§ 32). In that list are three columns referring to (A) the solstices 
or equinoxes, (B) the nakshatras, and (C) the fixed stars. In the early cases 
(a to /) the solstice or equinox is nowhere defined, and in most of these cases 
the equation of A with B is quite illegitimate; neither is the equation of B 
with C certain in any case, and it is even possible that the nakshatra scale 
had really no definite reference to particular fixed stars. The equations of 

1 EKE i, 183 f. But Tannery thought that the Chaldeans had knowledge neither of the tropical year nor of 
the precession of the eq utnoxes. Heath also appears to think that the early Babylonians were not acquainted with 
precession {AnsiarcAua of Samos, p. 106). It may also be noted that precession was denied by Proclus who invoqued 
Plato, the Chaldeans, the Egyptians and the gods in support of his view, BoubHfi Lholeboq UAstrologie 
grecqtie, pp. 24, 115, 674. 
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A) B and C therefore become a matter of extreme doubt and the chances of 
a correct conclusion being achieved by such equations infinitesimally small. 
In the examples ^ to m the solstices are definitely referred to but in these 
particular cases the year employed is far too inaccurate to permit; of deductions 
regarding precession, and the solstices are given as 183 days apart, and the only 
records of this period of star positions are also far too inaccurate to be of 
use for this purpose. 

Nevertheless there appear to be umnistakable indications of some know¬ 
ledge of precession. This knowledge may have been vague—it certainly did not 
affect in any way the astronomical schemes devised—and it is possible that 
the evidence is merely a shadowy reference to a point of exotic teaching that 
was not fully comprehended. The evidence is of different types, e.g .— 

(а) The five-year cycle is said to begin with the winter solstice 

in Sravishtha or Abhijit or the summer solstice in Punarvasa. (See 
§ 23). 

(б) In the SuryafrajHapi the planets are said to travel faster tha-n the 

stars and the stars faster than the nakshatras. (See § 24). 

(c) According to the usual interpretation the Purarias tell us that the 
Great Bear revolves among the nakshatras, the time of a complete 
revolution being 2,700 years, (See § 22). 

In spite of the general vagueness and certain inconsistencies there seems 
to be some evidence of a knowledge of precession, but this was hopelessly maslced 
by the extremely inaccurate length of the year and the crude methods of filing 
the solstices. 

The subject of precession will be again referred to when dealing with the 
more modern texts. ^ 


VeDIC CHEONOLOaV. 

32. This section is headed ‘ Vedic chronology ’ because it exhibits briefly 
a number of arguments that have been employed to fix the chronology of the 
earliest Hindu works. There are many dangers for those who seek to fix a 
chronology by means of references to astronomical phenomena—^unless those 
references are explicit and free from all ambiguity. In most of the cases cited 
below, which have already been referred to under the closely connected topic 
of precession, there are elements of three types which may be marked A, B 
and C. The first of these (A) refers to, or is supposed to refer to, a definite 
poiut in the sun’s path, generally either a solstice or equinox, the second (B) 
refers to some particular nakshatra, and the third (C) equates the nakshatra 
with a particular star or constellation or a particular (fixed) position of the 
ecliptic. In all the very early cases A is not actually given by the text in 
question and in none of the cases is the equation of B with C definite. To 
determine A it is further often assumed that the year commenced at one of 
the equinoxes or solstices. The present practice in India varies considerably 


* See § 62. See also my paper, The Nakshatras ani'Precession in the IsmiAis ^xzquabt, 1921. 
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■with, the locality: there are many systems in yogue and the year begins at 
many points. Alhiruni noticed this and mentions (ii. 8) the months Chaitral 
Bhadrapada, Karttika, MargaSrsha as marking the commencement of the year 
in different parts of India; and the practice at the present time is similar but 
•rather more yarious. Again if it were recorded that a solstice or equinor; (A) 
were marked by a certain star (B), then, o'wing to the precession of (A), the 
combination (AB) would enable us to deduce an approximate date, if both 
(A) and (B) were unambiguous. Suppose now another more or less independent 
record gave one or both of the dements (oh) and a third one (« p) and so 
on: then it is obyious that (Ab), (A ^), (aB), etc., are more or less meaningless 
combinations, from which ho legitimate deductions may be made. These remarks 
apply to all of the cases cited except numbers xii and xiii which, howeyer» 
also are based upon precession. The last case is of difierent type altogether— 
rdating to an eclipse of the sun. 

With these preliminary cautions the following arguments, that haye been 
■employed to fix the chronology of the early Indian texts, are exhibited in a 
condensed forms:—^ 

(i) The early lists of the nakshatras all begin with Kjpittika and possibly 
this corresponded with the beginning of the year, and possibly 
the year began at the yemal equinox: and the vernal equinox 
was marked by the Pleiades about 2300 B.C. 

{^^) Jacobi holds that the ‘ frog hymn ’ (EV. vii, 103) indicates that the 
year began at the summer solstice, and that the sun was then 
in Phalguni; and the date when the sunomer solstice occurred 
in the constellation usually identified with Phalguni was approxi¬ 
mately 4600 B.C. 

{ni) Another text (TS. vii, 4) says—The mouth of the year is the 
Phalguni full moon.’ Assume that this marked the winter solstice 
and the date arrived at is about 4000 B.C. 

(w) The same passage indicates that the full moon in Chitra may . mark 
the beginning of the year and by a similar process of reasoning 
the date arrived at (for the winter solstice) is about 6000 B.C. 

(v) The context of the same passage has also been interpreted to indi¬ 
cate a year begmning at the winter solstice with the full moon 
in Magha and the date arrived at is 2350 B.C. 

(w) The JyoUsJia Vedai^a makes what is possibly the earliest definite 

statement connecting the year with the nakshatras. The winter 

solstice is said to be marked by §ravishth5, and, if ^ravishtha 
is to be identified with a and p Delphini, this occurred about 
1400 B.C. 

{mi) The MaMbharata (i. 71) appears to mark the wintm: solstice by 

gravana and if this nakshatra is to be identified with a Aquilse 

the date is approximatdy B.C. 260. 


references see the table below, pp. 31 32 
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(wii) The Paitdmaha Siddhanta gives us the eaxliest definite date, namely 
A.D. 80, and mak^ the year begin with the sun in ^ravishthS; 
and, if Sravish-^ha is to be identified with « and p Delphini, 
this would make the year begin about twenty days after the winter 
solstice. This is in accordance with the known practice and is 
an indication that earlier texts may possibly carry the same meaning, 
(iic) The Suryaprajnapti makes the cycle begin with the winter solstice 
in Abhijit; and, if Abhijit is to be identiQ.ed with « Lyrae, this 
occurred about A.D. 880. 

(a;) Since another name for Marga^irsha is AgrahSLyana, which means 
‘ belonging to the commencement of the year; ’ and since, according 
to Tilak, this is to be equated with the autumnal equinox, the 
date 4000 B.C. is once more achieved. 

(xi) Tilak sees in RV. i. 106 a reference to the heliacal rising of Sirius 
at the vernal equinox, which takes us back to about 4600 B.C. 
{xU) The nakshatra Kyittika is said not to ‘ move away from the eastern 
quarter, while the other asterisms do move from the eastern 
quarter’ (SB. ii. i, 2*"*). Dikshit thinks that this means that 
Kyittika was on the equator and this ‘ conclusively shows that 
the age of the Brahmanas, or more properly, of that portion in 
which the passage occurs is about B.C. 3000.’ But may it not 
mean that Kyittika (like Aries) is the first division of the ecliptic 
and that the fixst point of Kyittika always marks the equinox? 
{xin) In MBIT i. 4 is a supposed reference to the movement of the pole 
star. The Hindu name for the pole star is dhruva (fixed) and 
Jacobi argues that this term could only have been applied to 
at Draconis; and since oc Draconis was approximately at the pole 
of the equator at about 2800 B.C. the references to Dhruva must 
have originated about that time. 

{(dv) Ludwig attempts to identify an eclipse referred to in the Rig Veda 
with one that actually took place in 1029 B.C. 

These cases are shown in a somewhat different way in the following table :— 


A 

Time of year. 

B 

Supposed posi¬ 
tion of sun 
marked by 

0 

RepresentatiTe 
star of B. 

Longitude 
of 0 at A.D. 
100. . 

Bate 

deduced. 

Circa. 

Eoferenoes. 

a. Summer solstioe . 

Obitra . 

a Virginis 

177* 26' 

B.C. 6200 . 

TS. Tii, 48. 

6. Vernal equinox . 

Heliacal rising 
of Sirius. 

oc Cams Majoris 

i 

b 

00 

„ 4771 . 

RV. i, 106 ; 

Onoa Ch. V. 

c. Vernal equinox , 

3£riga4iras 

X Orionis 

67* 16' 

„ 3910 . 

TcriAK, Orion Ob. ir. 

Summer solstioe . 

Plxalguni 

^ Leonia or 

B Leonis 

146* 22' 

134* 43' 

3870 . 

„ 3090 • 

RV vii, 103*; TS 
Tii,4* ;JAQQBilnd^ 
Ant xriii. 1804. 
164. f. 
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A 

B 

C 






Supposed posi- 



Longitude 

Date 


Time of year. 

tion of sun 

Bepresentative 


o£C atA.D. 

deduced. 

Beferences. 

marked by 

star of B. 


100. 

Circa. 


€. isnmmer solstice . 

Magha . 

CL Leonis 


123“ 31' 

B.C.2300 . 

TS. vii. 4*. 

/. Vernal equinox . 

Blyittika 

V] Jauii 


33“ 34' 

,, 2300 . 

AV. xix, 7, etc. 

g. Winter solstice . 

Sravishtha 

a Belphini 


291“ 0' 

„ 1400 . 

JV 5-7. 



p » 


290“ 0' 

.. 

.... 

h. Winter solstice . 

Srava^a 

a Aquilae 


275“ 2' 

„ 260 . 

MB. i, 7L 

Summer solstice . 

Full moon in 

a Lyrae 


258® 46' 

A.D 880 . 

JASB, 1880, p. 112. 


Abhijit. 




Vernal equinox . 

A^vin! 

^ Arietis 


7“ 34' 

B.a 436 . 




^ Piscium 


363“ 24' 

A.D. 601 . 


fc- Twenty days after 

Sravishtha 

0 Delphini 


290“ 0' 

80 . 

PS. xii, 2. 

winter solstice. 






L Summer solstice . 

A^lesha , 

7} Hydrac 


106“ 66' 

B.C. 1036 






103“ 58' 

„ 900 . 

PS. iii 21 ; BS. iii, 

m. Suznmer solstice . 

Punarvasu 

a Geminorum 


83“ 52' 

A.D. 640 . 

1. 



P 


87“ 5' 

„ 313 . 


71, Kyittika does not move from east 

rj Tauri 


33“ 34' 

B.O. 3000 

SB. ii, 1, 2 Ind. 







Ant. 1896, xxiv 
245. 

0 , The pole star is ‘ fixed ’ 

a Draconis 

• 

130“ 32' 

„ 2800 

Ind. Ant. 1894, 







xxiii, 167. 


Tliis section may be appropriately closed witb summaries of tbe views of 
Mr. B. G. Tilak and Mr. R, Sbamasastry. “ I tried to show,” writes Tilak,* “ that 
.... the astronomical statements found in the Vedic literature supplied us with 
far more reliable data for correctly ascertaining the ages of the different period, 
oi Vedic literature. These astronomical statements, it was further shown, unmis¬ 
takably pointed out that the vernal equinox was in the constellation of Mriga 
or Orion (about 4600 B.C.) during the period of the Vedic hymns, and that 
it had receded to the constellation of the KrittikSs, or the Pleiades (about 
2600 B.C.) in the days of .the Brahmanas. Naturally enough these results were, 
at first, received by scholars in a sceptical spirit. But my position was strength- 
eufc'd when it was found that Dr. Jacobi, of Bonn, had independently arrived 
at tnj same conclusion, and soon after scholars like Prof. Bloomfield, M. Barth, 
the late Dr. Biihler and others more or less freely acknowledged the force of 
my arguments. Dr. Thibaut, the late Dr. Whitney and a few others were, 
however, of opinion that the evidence adduced by me was not conclusive. But 
the subsequent discovery, by my fnend the late Mr. S. B. Drsat; ot a passage 
in the Shatapatha Brahmaria, plainly stating that the KrittikSs never swerved- 


* The Arctic home in the VedaSt p. i. 
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in those days, from the dm east, i.e., the vernal equinox, has served to dispel 
all lingering doubts regarding the age of the BrShmsu^as; while another Indian 
astronomer, Mr. V. B. Ketkar.. .has mathematically worked out the statement 
in the Taittiriya Brahmana (iii, 1, 6), that Byihaspati, or the planet Jupiter, was first 
discovered when confronting or nearly occulting the star Tishya, and shewn that the 
observation was possible only at about 4660 B.C. thereby remarkably confirming 
my estimate of the oldest period of Vedic literature. After this, the high antiquity 
of the oldest Vedic period may, I think, be now taken as fairly established.*” 

Another speculation of a somewhat similar type is exhibited in the late 
Mr. E. Sham'asastry’s Gavdm Ayana—an Exposition oj a forgotten sacrifioial 
•Calenda/r. I do not follow altogether Mr. Shamasastry’s argumentation and 
therefore give his own summary. He writes^*^—“ The so-called ‘ Gavam Ayana,* 
or ‘Cow’s Walk’...is a sacrificial era of intercalary days in terms of which 
the Vedic poets counted their years. As Prajapati is one of the most important 
names of this intercalary day, the starting point of this era in 3101 B.C. must 
necessarily mean the creation of PrajSpati, whom later commentators seem to 
have mistaken for the world’s creator himself, the son of Vishnu. Apart from 
keeping an accotmt of the days reckoned from this starting point of their era, 
they also counted the intercalary days by means of formulas or of sets of 
syllables of special Vedic hymns, which they compiled and recited on each of their 
recurring sacrificial days. Side by side with this sacrificial era, there existed a vulgar 
era, the Kali era, in which the common people counted their years s&riatim in contrast 
with the priestly method in counting the years in terms of yugas or cycles of 
four years each... .When the total number of these cycles or cyclic days amounted 
to 460 or 466, corresponding to 1840 or 1860 years, this era together with its 
cyclic sacrifices came to an end, leaving the vulgar era alone to continue.” 

The planets. 

33. The fact that the Vedic hymns were largely inspired by celestial ob¬ 
jects would dispose one to believe that the Vedic seers were familiar with all 
the more striking astronomical phenomena; but, as far as the evidence goes, 
we are almost compelled to believe that the planetary motions were considered 
unimportant: at any rate they were not recorded as phenomena of special 
significance.® As already pointed out (§ 16) the mention of the number five, 
or seven is the principal basis for the suggestion of planets. 


* The reader should bear in mind that, of the authorities referred to by Mr. Tilak, Whitney and Thibaut were 
by far the most competent to judge ;’and that the subsequent ‘ discovery ’ by Diadt by no means clinches the matter, 
(see § 32, 3 di)*and that the calculations of Mr. Ketkar, however accurate they may be, are of little value as evidence. 
^ page 147. 

^ I do not hold the opinion that the Hindus did not observe and distinguish the several larger planets in early 
times—^it is inconceivable; but 1 do oonsider that none of the Vedic passages so far cited is proven to be a record 
of such observation. Certain passages in the J&taJcae, the MahahMrata and the Bdmdyana imply a knowledge of 
the planets that might very well be of an early date, but mention of the planets should be scrutinised with care. 
An interesting example occurs in the BhamdhayaTia Dharma JSHtra (ii, 5, 90), where the nine x^lauets, inoludinf; Hahu 
. and Ketu, are mentioned. But in the same KhaniM two later authors are named (!) and Biihler strongly caution^ 
us as to the senuineness of this portion of the text. (Nevertheless in the Indian Antiquary of 1918 (p. .112) we 
. dna tins very example reierred to as completely authoritative, and Blihler’s warning completely ignored I 
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The more impoitant Vedic passages that have been cited as. records of 
the planets are. as follows^— 

“ Seven the quarters of the world with different suns, seven the minis- 
trant priests, seven are the divine Adityas. With these, 0 Soma, 
guard us.” (RV ix, 1148) 

“ May the five bulls {uTcsha/nm) who abide in the centre of the expanded heavens, 
having together conveyed my prayers quickly to the gods, return.” 
(RV i, 105“). 

“ Seven sages with five ministering priests {adhvaryus) attend the station 
that is prepared for the rapid (Agni).” (RV iii, I"'). 

“ Bfihaspati, when first being born from a great light or brightness in 

the highest heaven, seven-mouthed, of a powerful nature, seven- 
rayed, with a deep sound, blew away the darkness.” (RV iv, 60*). 

The cloud-born Vena sends the watra: from the firmament; the back 
of the azure (sky) is beheld. He shone on the summit of the 
water in the heaven.” (RV x, 123®). 

The other Vedas, the BrShmajoias, the Upanishads, and even Manu, record 

nothing about the planets that can be grasped. The MaliShha/raia mentions 
them by name,® and the BJamayanja alludes to individual planets on several 
occasions.® while the Puranas hint at a planetary cult; but tittle, definitely 
astronomical, relating to the planets occurs in any of these works, except per¬ 
haps the Puranas. The earlier formal astronomical tests, such as the Jyotisha 
V&Hd^iga, make no reference to the planets; but, of course, this purely nega¬ 
tive evidence does not exclude the possibility of some knowledge and investi¬ 

gation of them from the astronomical point of view. In the Ydjnamlkya- 
smnti 6th century A.D.) certain ritualistic details relating to the worship 
of the planets are given, and about the same period the motions of the planets 
began to be studied scientifically. 

The order in which the planets are placed in the later Hindu works is 
a matter of some interest. There may be said to be two types of sequence 
(a) the natural order or order of their distance from the earth, (6) astrological 
orders. Of the former there are two examples—the dightly incorrect order of 
the earlier Greeks (Plato, Aristotle, Eratosthenes, etc.), who placed Venus nearer 
to the earth than Mercury; and the correct order which came into use about 
the time of Hipparchus. Of the astrological orders there are several. Of 
these the week-day order is the best known; and there is the domiciliary 
order, and the several orders of ‘terms’ or ‘limits.’ In the great majority 

1 HiUebiandt tliinkB the five adhmryua axe the five planets. Oldenberg suggeets that the Adityas correspo^ 
to the seven planets. See appendix i; also H. Oldhnbhbo Die BeKgion des Veda, 186 f.; 0. Sohbadbb in 
MJELM 568* 

Tilak ^xiates Vena with. Venus [Orion p. 162 f.) but this is not generally aooepted- 

Thibaut though that the planet Jupiter was referred to under the name Biihaspati in the early texts, and 
this notion has recently been revived by Heet but controverted by A. B. Keith. See JBA8 1911 pp. 514 f. 
794 f. and 1119 f. Kleet quotes the following in support of his views: Bjihaapati. when first being born, came 
into existence over against the nakshatra Tishya.” (TB iii, l^), 

a MB ii, 11»». 

^ Bi ii, 4; ii, 25 ; ii, 26 ; ii, lOO; iii, 46 ; iii, 49; vi, 4; vi, 54; vi, 103 ; etc. See appendix iL 
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of cases the Hindus, although they were aware of the correct order, place 
the planets in the week-day order. Albiruni says (i. 125): " It is the custom 

of the Hindus to enumerate the planets in the order of the wedr-days. They 
will persist in using it in their astronomical hand books, as well as in other 
books, and they decline to use any other order, though it be much more 
correct.” They also enumerate them in the domiciliary order and the order 
ot the limits or terms with reference to Pisces and Aries. 

These orders are exhibited in the following table:— 


Classical Greek. 

Later Greek (the 
correct order). 

Wook-day order. 

Domiciliary order. 

Order of terms 
or limits for 
Aries. 

Order of terms 
or limits for 
Pisces. 

Moon . 

Moon 


Sun 

Saturn . 

Jupiter . 

Venus. 

Sun . . * 



Moon 

Jupiter . 

Venus 

Jupiter. 

Venus . . • 

Venus 


Mars 

Mars 

Mercury . 

Mercury. 

Mercury 

Sun 


Mercury . 

Venus 

Mars 

Mars. 

Mars . 

Mars . 

. 

Jupiter . 

1 

Mercury . 

Saturn . 

Saturn, 

Jupiter 

Jupiter 


Venus 

Moon-Sun 

•• 

• • 

Saturn 

Saturn 

• 

Saturn « 

■ • i 

•• 

• # 

Aryabhata • 

The later 
give this 
at least 
each. 

1 

texts 

order 

once 

All the later 
texts on most 
oocasions. 

The Vishnu 

Purana ii. 7 
inverts this 
order. 

MahEbharata iii. 

! 

1 

Mah&bharata ii. 


Fleet points out that the later Hindu works almost invariably begin the 
week-day order with Sunday, not Saturday, and thinks that this is due to 
the influence of the Jewish-Christian week. 

34. Rahu and Ketu. —The term RShu appears at a comparatively late 
date in connexion with Hindu astronomy. It occurs in the Atharva Veda 
<xi.v. 9“), but with no certain astronomical meaning. In the MahSbharata both 
Rahu and Ketu are mentioned (ii. 11®^; vi. 3^) amongst the planets while 
in the Ranfiyana Ketu does not appear.^ In the PcM,(mddhdMiJed we get 
definite references to the head of RSihu and also to the tail of REhu 
ix. 6, etc.) with the astronomical meanings of the ascending and descending 
nodes of the moon’s orbit; and in the Brihat SamJidta there is a chapter (v) 
on ‘Rahu’s course,’ which begins: “Some say that Rahu is, forsooth, a 
dexnon’s head, which, albeit severed from the trunk, yet, by virtue of having 
tasted nectar, has continued alive and become a Graha {i.e., ‘ seizer,’ or 

‘planet’).others declare Rahu to have a body, consisting only of head 

and tail, the figure of a snake. Others again tell us that the so-called son 

* See Wbbbb {Ini. Lit. p. 250) -who states that E5hxi first ooours^in the ChSndogyopanlshad, though 
hardly in the sense of ‘ planet.’ Ketu, he says, is first mentioned by Tajuavattra. 
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of Sinhika is incorporeal and opacons.” Rahu therefore became known as the- 
demon of eclipses and his head was identified with the ascending node and' 
his tail with the descending node. The knowledge implied of the inclina¬ 
tion of the moon’s orbit to the ecliptic is not exhibited in Hindu works before 
the introduction of western astronomy. The term Graha, which means ‘ seizer,’ 
was applied to the planets as powers which lay hold of the fates' of men^ 
and quite naturally embraced the demon of eclipse8.(^) The term Ketu is, as 
Alblruni pointed out (ii. 234) seldom used by the Hindus to denote the des¬ 
cending node, and it is sometimes employed to denote comets. The Nava- 
graha or nine planets (Sun, Moon, the five planets, Rahu and Ketu) later 
on developed into minor deities.® 


35 . Week days.— The Hindus at a comparatively late period employed the 
planetary names of the days of the week as follows;— 


— 

Hindu names. 

Corresponding planets. 

Sunday ...... 

Ravi-vara .... 

Sun. 

Monday . 

Soma-vara . . . 

Moon. 

Tuesday. 

Mahgala-vara or Bhauma-vara 

Mars. 

Wednesday .. 

Budha-vara .... 

Mercury. 

Thursday. 

Brihaspati-vara or Guiu-vara. 

Jupiter. 

Friday.' • 

!§ukra-vara .... 

Venus. 

Saturday. 

Sani-vara .... 

Saturn. 


The Hindu names are exact equivalents of the Roman names, which came 
into use in the west about the beginning of the Christian era. Now the week¬ 
day order of the planets is an artificial one based upon the natural order— 
Saturn, Jupiter, Mars, the Sun, Venus, Mercury, the Moon, and was developed 
thus: Saturn is the lord of the first hour of the day, Jupiter the lord of the 
second hour and so on; consequently the lord of the 26th hour, or first hour 
of the second day, is the Sun; the lord of the 49th hour or first hour of 
the third day is the Moon; and so on. The 24 hour day is therefore essen¬ 
tial to the scheme, and the division of the day into 24 hours nowhere appears 
in India—so we must conclude that the week-day order of the planets is of 
non-Indian origin. Again the week-day order properly begins with Saturn 
(Saturday! whereas the Hindu week begins with Sunday—and this is probably 
due to the same influence as with us (the Jewish-Christian week).® 

^ The Gnostics placed the head of the dragon at the ascending node and its tail at the descending node. In 
the west Caput Draconia and Canda Draconia were, in connexion with genethliaoal notions, assimilated with the * 
planets at a fairly early date. Tertullian (A.D. 160—230) refers to this and so does Proclus (A.D. 412—486), 
See 1 otrcHB Lsclbeoq, rAatrohgie grecque, p. 122, etc. 

* See appendix L 

» Adi-vWra, * the beginning day ’ sometimes used instead of Bav%*Vara, Btahmagnpta states that the pro¬ 
cess of creation began on a Sunday. 
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The earliest known use in Indian inscriptions of a planetary day dates 
from A.D. 484, and down to A.D. 800 there are a few authentic instances. 
After A.D. 900 the planetary days became a common item of the Hindu 
calendar.^ 

36. Heliacal settings and eisings. —^Notwithstanding Tilak’s ingenious 
attempt to discover a reference to the heliacal rising of Sirius in RV. i, 105^^ 
the topic is not really referred to in any Hindu work before the Greek period, 
the earliest references being in.the Aryabhailya, the PamhasiddTicMiha and the 
Brihat Samhitd of Varaha Mihira. The phenomenon was introduced as an 
astrological one and its astrological significance has completely prevailed, no 
astronomical meaning whatever being attached to it in early Indian texts. 

The distances in degrees from the sun at which the stars and planets 
become visible are stated in the texts to be as follows:— 


Stars. 

a* 

Planets. 

A. 

B. 

c.® 

Agastya (Canopus) . 

• 


13® 

Moon . 

12® 

12® 

... 





Mars . 

17° 

19® 

17° 

Mrigavyadha (Sirius). 

• 

■N 


Mercury 

13® 

17® 

12—14® 

Brahmahridaya (Capella) . 


> 

13° 

Jupiter 

11° 

13° 

11° 

Svati, Chitra, Jyeshtha , 




Venus 

9° 

11® 

8—10® 

Punarvasu, Abhijit . 




Saturn 

11° 

15® 

10®. 

Hasta, Sravauii, Fhalgunls 








^ravisbtha, Rohin.1, Magha 


>- 

14° 





Vi^akha, A^vini 

Eiiittika, Anuradba, Mai. 

A^lesha, AidrS, Asha has . 

. 1 

1' 

✓ 

} 

18° 




[ 

Bharani, Pushya, Mrigatos 

1 


21° 





Bemainder .... 

• 


17° 






37. The Jupiter cycle. —The earliest reference to the cycle of Jupiter is 
in the Brihat Samhita.^ In comparatively modern times the Jupiter cycle is 
employed in dating inscriptions, etc., but there is no evidence that indicates 
its employment or a knowledge of it in India earlier than the fifth or sixth 
• century of our era. 

1 Fleet JKAS. 1912, p. 1039 f. 

* The values uuder A aie from Aryabhata, under B from the Panehaaiddh&mH^ and those under C from the 
Surya Siddhanta. 

® Che viii. See also the Surya SiddMnta, i, 65 and xiv, 17 ; also Albrun’s India, ii, 123 f. 

a 
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Wliile the Jupiter cycle is not a marked feature of the G-reek astronomi¬ 
cal teaching the twelve and sixty year periods were well known to themJ 
The sixty year cycle with the Chinese is a double cycle of 12x6 years with 
which is connected another double cycle 10X6 years; and the Chinese seem 
to begin their cyclic reckoning with the year 2637 B.C. The Annamese, Cam¬ 
bodians, and Siamese also use the sixty year cycle. In the early cases, at 
least, the Hindu cycle is a compound one of 6x12 years. * See also para¬ 
graph 61(f). 

38. Mount Mebu. —^Brahmagupta says— “ Manifold are the opinions of the 
people relating to the description of the earth and to Mount Meru, particularly 
among those who study the Puranas and the religious literature. Some de¬ 
scribe this mountain as rising above the surface of the earth to an excessive 
height. It is situated under the pole, and the stars revolve round its foot, 
so that rising and setting depends upon Meru... .The day of the angels who 
inhabit Meru lasts six months, and their night also six months.” 

Aryabhata, who taught that the earth was a rotating sphere, argued that 
Meru had no absolute height. The Puranas, however, make it 80,000 or 86,000 
yojanas high, etc. Por information about the various views regarding Mount 

Meru consult Albiruni (Ch. xxiii), the several. PurSnas, PataSjali (in. 26) and 
comment thereon, etc.; but very httle of astronomical interest will be found 

beyond that given by Brahmagupta and Aryabhata. The notion of Mount 

Meru is a late. introduction and is possibly of foreign origin.® Albiruni pointed 
out (i. 249) that the Hindu conception of Meru was similar to that of the 
Zoroastrians, who place at the centre of the world the mountain Girnagar.^ 

The name variants Neru, Sineru and Sumeru also seem to iudicate a foreign 
origin® and the geographical scheme generally accompanying the descriptions of 
Meru may be connected with the Avestan scheme of seven districts; and 
Mount Menu as the abode of the gods recalls to us the Olympus of the Greeks. 

1 IPbazhr writes :— “ With the thirty years’ cycle of the Druids we may compare the sixty years’ cycle of 
the Boeotian festival of the great Daedala.” {BaLd&r the Becmtijul^ ii, 77 n.). Again he writes, on what authority 
ib not known: “ It seems further, that in India a much older cycle of sixty years was recognised.” ih. ii, 77 n. 

^ Sewell and Dikshit, following J. Burgess, state that the years of the Jupiter cycle were probably introduced 
into India about A.D. 350 and were certainly in use in A.D. 530. Indian Calendar, p. 36. 

» Ed J. B. Woods, p. £64 f. 

4 The Ts&ra, of the Avesta. See also foot-note 4, p. 19. 

* JRAS, 1917, p. 366, 
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CHAPTER VI. 

The introduction of Greek as tronomy. 

39. That the Hindu astronomical teaching from about A.D. 400 onwards 

is dominated by what is known as the G-reek system of astronomy is now 

generally accepted. To those who are well acquainted with the Glreek teaching 
and with the Hindu works of the period this is obvious. A fair amount of 
the evidence can be put in a summary form, but it must, however, be borne 
in mind ttat the most appropriate demonstration for such a connexion generally 
consists of cumulative evidence, on which the judgment of the expert is of 
particular value. Most scholars, Indian^ and European, accept the judgment 
of the expert in this matter and allow that the introduction of western 
astronomical knowledge took place about A.D. 400. 

Of particular evidence that can be conveniently marshalled we have explicit 
statements of early Hindu writers, the employment of Greek technical terms in 
Hindu works of the critical period, and the introduction of ideas entirely new 

to India but. which had been for some time taught by the Greek astronomers. 

40. Varaha Mihira, Brahmagupta and others refer to Greek astronomers. In the 
Bj'ihat Saihhita (ii, 7) we read—“ Even the Mlechchhas and the Yavanas who have 
studied the science are respected as Eishis. Such being the case, if the Jyotishiba is a 
Brahman, who will deny him respect ? ” Albiruni(i, 23) also quotes this and empha¬ 
sises the indebtedness of the Hindus to the Greeks. Brahmagupta refers to the Yavana 
siddhantas ; and there is a significant passage in the Sv/rya Siddhmta^ that points to 
a western somce of information. That the Paulisa and Romaka Siddhantas are of 
western origin there can be little doubt. The former is possibly connected with the 
work of Paulus Alexandrinus (circa A.D. 378); and Romaka is stated by 
Varaha Miliira to be situated 90 degrees west of Lanka. 

These references to Greek teachers and works may seem rather meagre 
to the western reader, but the custom among Hindu writers was ever to avoid 
reference to any foreign author or work in their own productions, which, they 
were constrained to assume, were either traditional or inspired. The references 
to the Yavanas mentioned above are therefore somewhat extraordinary and 
may be accepted as adequate. 

41. Many Greek technical terms were introduced at the period, particularly 
in the astrological works, but also in those devoted to astronomy. The follow¬ 
ing are some of the many terms employed by VarSha Mihira and others 


Greek terms. 

Hindu terms. 

Greek tamrs. 



Hinda terms. 

XgVTpoV 

. • . kendra. 

• XsTC^OV 

. 

• 

. lipta. 

ymvia 

. . . kooa. 


• 

a 

. ve&. 

-tpiycovov 

. trikona. 

Ssxocvo^ 

• 


k dieshkana. 

‘•dpiiCcov 

. « • ixa}ci;ia. 

c ?T«va<popix 

• 

• 

. panaphara. 


. . hoxS. 





and many 

other astrological terms.^ 






^ There are, however, znauy Indians, who, iniluenoed by sentiment, feel unable to aooept this view. 

« riee appendix ii, p. 108. » See appendix i. 

G 2 
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The signs of the zodiac were not employed by the Hindus at all in the 
early period. Their names appear in two forms in the later works, either as 
translations or transliteration of the western terms. 


Hindu names for the signs of the zodiac. 

Greek names. 

(1) 

(2) 


Mesha (a lam), Aja (he-goat) 

Kriya 

KplOj; 

Vrisha (a bull). 

Taururi 

Taupoi* 

Mithuna (a couple). 

Tiluma 

AiSu(jLo.f 

Kaikata (a crab). 

Karka 

Kaxyvo,r 

•Simha (a lion). 

Leya .... 

Ascov 

Xanya (a girl). 

Pathena 

IlapOsvo^ 

Tula (a balance). 

Juka .... 

Zuydv^ 

y^ycbika (a scorpion), Ali (a bee) . 

Kautpya 

SxOpTTtO^ 

Dhanus (a bow). 

Taukshika . 

To^dt7]j 

Makara (a marine monster), Mriga (antilope) 

Alokera 

’Atyoxepco^ 

Kumbha (a pot). 

Hridoga 

^ TSpo^do^ 

Mina (a fish). 

Ithusi 



The, Grreek names for the planets were used also, but only occasionally 
The common Hindu names are indigenous. (See page 101). 

42. If we examine the topics dealt with in Hindu works prior to A.H. 
400 and those dealt with in later works and differentiate, we get a number 
of new topics, most of which are common to the Greek system; and the 
same applies to the methods employed. The details are exhibited in other 
parts of this book, and we present here only some examples of the changes 
effected. 

(а) The nakshatra divisions of the ecliptic were almost altogether super¬ 

seded by the signs of the zodiac. 

(б) The motions of the planets, which in the early period had not been 

dealt with at all, were examined in detail and explained by the 

method of epicycles, after the Greek fashion. 

ic) The notion of parallax and methods of calculating it were introduced. 

(d) Methods of calculating eclipses, entirely new to Indian works, were 

introduced. 

(e) The notion of heliacal settings and risings of heavenly bodies was 

introduced, chiefly with astrological applications. 
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(/) Correct rules for calculating the length of the day and night and 
oblique ascensions, etc., were introduced. 

(gr) The length of the year was revised. 

(7i) The planetary week-day names were introduced. 

There is a great deal of other evidence besides, some of which can only 
be appreciated by a detailed study of the Greek and Indian rules, and some 
suggests rather than proves a connexion. There is also the indirect evidence 
of the earlier Hindu astronomers whose methods and rules were wholly dis¬ 
carded by the later astronomers, and lastly there is evidence that is not 
astronomical at all.^ 


^ See my paper Influence grecque dans le developpement de$ matMmaiigues Mndoues soosttia., 1919. VoL 
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CHAPTER Vn. 

The astronomers of the second period. 

43. With the introduction of Greek methods this account of the develop¬ 
ment of astronomy in India might, with some propriety, cease ; since the sub¬ 
sequent modifications of the system expounded have very little real histori 
cal significance. But, as already explained, the! Hindu-Greek astronomy has 
by some what artifical means indeed, attained sufficient importance to warrant 
some special treatment, and a section will therefore be devoted to it. It is 
unfortunate that the early European investigators into the history of Hindu 
astronomy attached far too much importance to the more modem texts and 
almost completely ignored the early ones. This was remedied to some extent 
by the publication of the Paakihasiddhcmtika in 1889 but this work is not 
generally available and its form of presentation makes it almost a sealed book 
to the ordinary reader. Other Hindu works of the period and of later times 
differ trom the teaching of the PafkhasiMhantika principally in matters of 
detail; the later ones introduce greater cycles, and attempt to exhibit a 
greater accuracy but with no very great success; they are more elaborate in 
detail but hardly more efficient. In the following section an attempt will be 
made to exhibit the Hindu methods as represented in the earlier of these 
works. The more important emendatious and additions of the later writers 
will be noticed also ; so that the section will give a. fairly complete survey of 
the Hindu astronomical teaching that has obtained during the last sixteen 
hundred years. 

Our principal sources of information for this period are the Aryabhatiya 
of Aryabhata (circa A.D. 628), Varaha Mihira’s PancJiasiddkmtiM written about 
A.D. 660, th. e BrdhTmsphutasiddhmta oi Brahmagupta (A.D. 628), and the later 
Surya Siddhcinta of about A.D. 1000; and very considerable use has been 
made of Albirflni’s India (A.D. 1031).^ 

The astronomers. 

44. Before exhibiting the astronomical methods of this period we may refer 
to those astronomers whose names have been handed down to us. The most 
renowned of these are Pulisa, Aryabhata, Varaha Mihira and Brahmagupta. 
There are also works of importance whose authors are unknown and there 
are certain teachers mentioned who are now no more than mere n a m e s. 

Varaha Mihira says : “ There are the five following siddhantas—the Paulisa> 
the Romaka, the Vasishtha, the Saura and the Paitamaha. Out of these five 
the first two have been explained by Latadeva. The siddhanta made bv 
PauMsa is accurate, near to it stands the siddhanta proclaimed by Romaka,. 
more accurate is the Sdvitra (Saura), the two remaining being far from the 
truth.” He also refers to Siinhacharya, Aryabhata and the Yavanas as tea¬ 
chers. Latacharya he tells us (PS. xv. 18) reckoned time from sunset at Yava- 
napura. While Simhacharya reckoned from sun rise at Lanka. 
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Brahmagupta says: “ One of the siddhantas is the Surya, others are 
indu, Puli^a, Romaka, Vasishtha and Yavana; and, though the siddhantas art? 
many, they difier only in words, not in the subject matter. He who studies 
them properly will find that they agree with each other.” He refers to 
.Aryabhata on many occasions, and also to Garga, Puli4a, ^rishepia, Vishiju- 
chandra, Pradyumna, Lata and Simha. 

Albiruni mentions the same five siddhantas as Varaha Mihira, as well as 
that author’s PaMiasiddhantika, He makes Lata the author of the Surya 
Siddhmita, states that the Romaka is so called after the city of Rum, and 
that it was composed by Srishena and that the Pcmliia Siddhanta was so 
called after Paulina the Greek. Of Aryabhata’s and Brahmagupta’s works he gives 
some accounts and many quotations therefrom. He mentions also as astronomers 
the following—^Balabhadra, Bhanuyafes Surgriva, Vijayanandin, Vitte^vara, Utpala, 
and Aryabhata the younger of Kusumapura. 

Of Lata ^ and Srishena we know practically nothing, but Brahmagupta 
tolls us that Srishena took from Lata the rules concerning the mean motions 
of the planets and from Aryabhata those concerning the true motions of the 
planets. According to Thibaut it is possible that Srisheria recast the Romaka 
SiddlmUa and this is more or less indicated by Albiriini. Of Lata’s connexion 
with the HWya Siddhmita we have no further information than Albiruni’s bare 
statement. 

Garga.. In the Mdhdhhmrata we are told that “ Garga, the great Rishi ” 

became astrologer to Pyithu. Kdla/jncma or ‘ knowledge of time ’ is espe¬ 
cially attributed to him and he is also associated with Kalayavana: ‘ Kala- 
yavana who is endued with Garga’s power ’ (xii, 340, 96) ; and he is credited 
with a ‘ thorough knowledge of times and mastery of the science of stars.’ 
(ix, 37, 14).® According to the Vishnu Pv/rci<$a (ii, 6); “ The ancient ssige 

Garga, having propitiated Sesha, acquired from him a knowledge of the prin¬ 
ciples of astronomical science, of the planets, and of the good and evil denoted 
by the aspect of the heavens.” 

We have not any of this somewhat mythical Garga’s original work; but 
the Oargi Samhitd was possibly composed about the beginning of the Christian 
era® and was an astrological treatise. It appears to have contained a chapter 
in the style of a Purana, in which were given references to the invasion of 
the Greeks, to their conquest by a Saka king, and to the overthrow of the 
Sakas by another power.* Varaha Mihira’s Brihat Samhitd appears to be 
■largely based upon the work of Garga: the following are some of Varaha 
Mihira’s quotations:— 

“ Bhagavan Garga savs—‘ That prince meets with ruin who does not 
support a Jyoushika, etc.’ ” ® 

1 The Jyoiiaha Vedariga has been attributed to an unknown LagaUha or Lagata, who, Wober Biiggests, mighr- 
tie the same as (Ind. lAtt p. 61). 

* W. Hopkebts, The Great Epic of India, p. 16. 

* See J. BuisrTLBY, Historical Review of Indian Astronomy, p. 66; Sm W. JoneS Wo^/es TV* 64. 

* E. J. Eapson, Ancient India, p. 131. 

« BS. ii. 7. 
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And 1 say, on tte auttority of Garga, the ancient, that the seven 

Eishis stood in Magha, etc.” ^ 

' It was in such a grove of Mount Meru, the abode of the Devas, 
that Narada communicated to Brihaspati the laws of the Eohi^i 
yoga. The same laws have since been taught by Garga, ParS^ara, 
Kasyapa and Maya to numbers of their disciples. Having ex¬ 
amined these truths, I propose to write a brief treatise, etc.” ® 
“ I have spoken of the comets, but not before having examined what 

is in the books of Garga, Para4ara, and Asita Devala, and in 
other books, however numerous they be.” ® 

45. PuliSa. —^Albiruni couples the names of Pulisa and Aryabhata together 
on many occasions; so often, indeed, that had we only Albiruni to rely upon 
we should hardly be able to distinguish between the two with regard to their 
work and teaching. They always appear to be in agreement, and are both 
abused by Brahmagupta. “ Aryabhata, Pulisa, Vasishtha, and Lata agree in 
this, that when it is noon in Yamakoti, it is midnight in Eum, beginning 
of the day in Lanka, and the beginning of the night in Siddhapura, which 
is not possible, if the world is not round.” “ Aryabhata, the elder, and 

Pulisa compose the manvantara from 72 chaturyugas, etc.” and, “ according 
to Aryabhate and Pulisa, the kalpa and chaturyugas begin with midnight, 

etc.” Eegarding Brahmagupta’s hatred— “ In this respect Aryabhata and 
Pulisa are the same to him,” writes AJbiruni. 

Aryabhata, the younger, speaks highly of the intelligence of Puli4a, and 
Albiruni was engaged in translating his works. Unfortunately this translation 
is not available, but, in the India, Albiruni gives several direct quotations 
from the PuliSa-SiddMnta. For example;—“ Pulisa says in his Siddhanta: 

‘ Puli4a, the Greek, says somewhere that the earth has a globular shape. Be¬ 
sides, all scholars agree on this head as Varahamihira, Aryabhata, etc.’ ” 

In his list of Hindu works on astronomy, Albiruni states that the PuUia- 
Siddhanta, composed by Pulisa, was so called from Paulisa, the Greek, from 
the city of Saintra, which he supposes to be Alexandria. It has been suggested 
that this Paulisa is the Paulus of Alexandria, who in A.D. 378 wrote an 
introduction to astrology which has come down to us. 

According to Weber, Pulisa was a contemporary of Aryabhata and the 
two were rivals, while Kern places Puli§a a century before Aryabhata. 

For Pulisa s astronomical, views we have a brief summary in the PaSclia- 
iiddldntika and Albiruni’s qno-sations and references, which, we may assume 
with some warrant, accurately represent the views of Pulila. According to 
Pulisa the universe consists of earth, water, fire, air and ether. He refers 
to the hypothesis of Paulina the ureex tnat the earth is a globe, otherwise, 
he points out, day and night woum n ot be difierent in winter and summer. 

1B3. Xia, 2—3- 

• BS. XXLV. 2. Of i-arasara and Ka^apa as actual aatronomers or astrologers vk, nave no information. T 
Maya is attributed the authorship of the Surya Siddhanta. See appendix II, p. 108. ** 

® BS. XI, 1. Asita Bevala is novr a mere name to u? 
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Mouat Meru is above tbe pole, and tbe earth is fastened to the two poles 
and held by the axis, and the wind makes the sphere of the stars to revolve. 
When the sun rises over the line which passes both through Meru and La^a 
that moment is noon at Yamakotd, midnight to the Greeks and evening at 
Siddhapura. 

Such notions are indeed common to all the works of the period but in 
addition Puli^a seems to have been an authority as a calculator. His values 
of TT (particularly 3 ^ are often quoted and the table of sines appears to 
be attributed to him.^ He appears to have introduced new methods of cal¬ 
culating the aJmrga/^ (see § 61) - The numerical elements of his astronomical 
scheme are given in appendix iii. 

46. Aeyabhata.— In works on Indian astronomy references to the famous 
Aryabhata abound, and, from the time of VarSha Mihira to the present day 
we find numerous quotations from him. Unfortunately, a great many of these 
quotations are second hand; for it appears that the original works were prac¬ 
tically lost for centuries. At the beginning of the eleventh century Albiruui 
wrote; “I have not been able to find anything of the books of Arya¬ 
bhata. All I know of him I know through the quotations from him given 
by Brahmagupta ”; and, at the beginning of the nineteenth century, we are 
told by Colebrooke “ that “ a long and diligent research in various parts of 
India failed of recovering the Algebraic and other works of Aryabhata.” Also 
that the original works of Aryabhata were either not available, or existed only 
in a much mutilated condition in the fourteenth century, is indicated in the 
following passage from the Malm AryasiMhmta : “ That (knowledge) from the 

Siddhanta, propounded by Aryabhata, which was destroyed, in recensions, by 
long time, I have in in> own language thus specified.” “ 

Aryabhata’s work consists of four parts: (i) The GUilea, which consists of 
ten couplets and contains astronomical tables; {ii) the Gatiiita consisting of 

33 couplets; {Hi) tlio Kdlaknyd, wluch deals with the measure of time; and 

{iv) the Gola, or ‘ Sphere.’ The last three sectioas malce up the AryaStaMa 
or work of 108 couplets, while the first part is known as the DaSagltiM. 
Other works have been attributed to Aryabhata, but the above mentioned are 
probably all now known that can be justly- called his. From Albiruni ® we 
learn that the contents of the book Kmaijm-lc}ia^^4(^-hliadya1ca represent the 
doctrines of Aryabhata, and that Brahmagupta wrote a commentary thereon.® 

Aryabhata tells us that 3,600 years from the commencement of the Kali- 
yuga 23 years of his life had passed, and possibly this (=A.D. 498) is the 

date of his work, or the epoch from which he reckoned; ' and it is this 

1 AlbibCni India, i, 275, etc. 

® India, i, 370. ° JSssaya, ii, 422. 

MRAS, 1864, p. 392. ^ India, i, 56. 

«In 1874 Kern published the Aryabhatiya. In 1879 Rodetgave the text and a translation of the in 

the Journal asiatique ; and in 1908 the present writer contributed a paper on the Gav>ita to the Journal of the 
Asiatic Society of Bengal (1908, pp. 111—141). Mr, Udaya Narain Singh of Mazaffarpur has repented Kern’s 
text. 

’ Kdliknyd, 10. 

E 
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Aryabhata, who was born in A.D. 476, to whom we refer. But there was 
another Aryabhata of some note known to Albiruni, who carefully distinguishes 
the one from the other. The more modern Aryabhata he always designates 
as Aryabhata of Kusumapura: ^ “ This author,” he says, “ is not identical 

with the elder Aryabhata, but he belongs to his followers, for he quotes him 
and follows his example.” We infer from Albiruni’s remarks that the elder 
Aryabhata was not of Kusumapura; but Weber, Kern and Bhau Daji say 
distinctly that he was and the opening verse of the GaigMa indicates its author 
as belonging to Kusumapura.® 

Aryabhata was an innovator. He attempted to free at least one depart- 
meni of knowledge from corrupt belief, and, as an almost natural consequence, 
the orthodox Hindu teachers opposed him. We read that Brahmagupta was 
so intolerant that he was blind to the truth " from sheer hatred of Aryabhata, 
whom he abuses excessivd;y... .He is rude enough to compare Aryabhata to a 
worm, which, eating the wood, by chance describes certain characters in it, 
without luiderstanding them and without intending to draw them. ‘ He, how¬ 
ever, who knows these things thoroughly stands opposed to Aryabhata like 
the lion against gazelles. They are not capable of letting him see their faces.’ 
In such ofiensive terms he attacks Aryabhata and abuses him.” 

The cause of this vilification is Aryabhata’s unorthodoxy, as is indicated 
in other passages. Tor example, Brahmagupta states that Aryabhata’s teach¬ 
ing regarding eclipses was not in accordance with the Veda and " the book 
Smi’iti composed by Manu and the Samhita composed by Garga, the son of 
Brahma,” and that Aryabhata “ stands outside of the generally acknowledged 
dogma and that is not allowed.” “ Kurther,” Albirum writes, “ Brahmagupta 
says that Aryabhata considers the four yugas as the four equal parts of a 
chaturyuga. Thus he difiers from the doctrine of the book Smpiti... .and he 
who differs from us is an opponent.” 

Later Hindu opinion was more favourable, at least in intention. In the 
sixteenth century Suryadeva ascribed the acquirement of the elements of 
astronomy by Aryabhata to supernatural agencies. A twentieth century author ® 
also suggests divine inspiration: “ Divine favour dawned upon binn ; he was 
inspired : he gave utterance to a spontaneous outburst of astronomical knowledge, 
dothed in poetical language... .These facts lead the learned to believe that 
the ten verses were iospired and could not be attributed to Imman authorship.” 

Aryabhate is chiefly notable as an opposer of certain aspects of the 
orthodox Hindu teaching of his time. He demonstrates that Mount Meru is 
not really high. He teaches that the earth is a sphere and that it rotates 
on its axis. This revival of a Greek hypothesis, however, did not flourish 
in India any more than in the west. If the earth rotated " falcons, etc., 
could not return from the sky to their nests....and flags and similar things 
would, owing to the quickness of the revolution, stream constantly to the 

. J InMa, i, 176, 246, 316, 330, 336, 370. 

^ my paper on The two Aryabhatas Bebliothboa Mathematioa, 1910, pp. 289—^292. 

» T. R. PiLiiAi; Aryahhap or the Newton of Indian Astronomy, p. 7. 
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west ” (PS. xiii, 6-7). Aryabhata maintains that eclipses are not caused by 
Rahu but by the moon and the shadow of the earth “ in direct opposition 
to all and from pure enmity,” according to Brahmagupta. 

The elements of his astronomy are given in appendix iii. His scheme 
was more or less the usual one of the time but perhaps more emphatically Greet. 
He states that it is founded on the BTahwa SiddJid/nta and that it differs 
from the other siddhantas really very little. He gives no list of the nakshatras, 
but speaks of them as beginning with ASvim\ 

47. Varaha Mihira® lived at Uijain in the sixth century. In his astro¬ 
nomical calculations he employed the epoch 427 4aka (A.D. 606) and, it is 
believed, he died in A. D. 687. 

Varalia Mihira was rather an astrologer than an astronomer, his great 
work beuig the Bfihat ScmUta, an astrological treatise of considerable length, 
He also wrote other astrological works, namely the Bfihaj Jaiaka, Yoga Yalm, 
etc. Fortunately for the historian of astronomy lie also wrote a sort of com¬ 
pendium of the different systems of astronomical teaching in vogue in his 
time. This work was practically ignored by later Hindu writers and AlbirQnr 
evidently thought it of little importance. “VarSha Mihira,” he tells us, "has 
composed an astronomical book of small compass called Paf^cliasiddltmtihd, 
which ought to mean that it contains the pith and marrow of the preceding 
five siddhantas. But this is not the case, nor is it so much better than 
they as to bo called the most correct one of the five.”® 

Albiruni had a very high opinion of Varaha Mihira generally, but still 
ho is not always flattering. “He (Varaha Mihira) seems sometimes to side 
with the Bralimans, to whom ho belonged, and from whom he could not 
separate himself. Still he does not deserve to be blamed, as, on the whole 
lus foot stands firmly on the basis of truth and he clearly speaks out the 

truth-Would to God that all distinguished men followed his example.” 

But on another occasion Albiruni says: « “ You see what a self-lauding 
he is, whilst he gives himself airs as doing justice to others.” This remark 
is called forth by the notable passage in the Bpihat Sanihita which refers to 
the Greeks. Again:—“ What Varaha Mihira says of the astrological portents 
of the parvans,” remarks Albiruni,® “ does not well suit his deep learning.” 

1 It is rolatod that Aryabhata was known to tho Arabs under tho name Arjabahr and that about the ninth 
ooutury they, tho Arabs, learnt astronomy from tho Hindus and that the word was their equivalent o£ 

fliddhanta. Albiruni definitely states that the early Muslim astronomers referred to the works of Aryabhata and 
to other siddhantas: For example ho says that they imagined that Aryabhata {Arab ^ansjobhar^) meant a thou¬ 
sandth part and that afterwards they mutilated tho word further and wrote Szjabhar. Further Alblriin! writes 
‘‘ The hook Sindhind is called by them (tho Hindus) siddhSnta; and again “ A kalpa is that space of time which 
Muslim authors call the year of s i ndhind; and again ho says ** Muslims know of the methods of the Hindus only 
those which are found in the Sindhind.” (India, i, 153 ; i, 332 ; i, 368; ii 19.) See also note page 49. 

* See H. ICxBK I'he JSrihai £fo6?k7i>i((x,. »of I'afdha Mihira (JHAS, 1870—75 and Verspereide Gesohriften, 
1913); G. Thibaut and S. Dvivbm The Panchaaiddhantm.. ,of Varaha Mihira^ 1899; H. F. Coattbbjee' 
The Brihajj&takam of Vardha Mihira, 1912, etc* 

^ India, i, 163. 

* ih., .ii no. 

»15., i, 23. 

•J6. ii, 113. 
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Of course VarSlia MiMra was not free from certain of the absurd notions 
peculiar to astrologers and to his time but he often displayed sound common 
sense. Animadverting on certain views as to the conjunctions of planets as 
the cause of eclipses he says: “ The nature of an unlucky event is the only 
thing which these occurrences have in common with an eclipse. A reasonable 
explanation is totally difierent from such absurdities.” He discards the notion 
that eclipses can be foretold by observing a mixture of oil and water,^ but 
he thinks comets are beings who, having been raised to heaven on account 
of their merit, are now redescending, etc.” 

Varaha Mihira is quoted largdy by Albiruni, principally from the Bpihat 
Samhita on astrological matters. His astronomical views and the contents of 
the PofibTmiddhantihd will be dealt with below. 

48. Brahmagupta * was bom in A.D. 698. His principal work was written 
at the age of thirty and he appears to have written another work at least 
as late as A.D. 665. He was the son of Jishnu of the town of Bhillamala near 
Multan in the Punjab. Albiruni, who was engaged in translating the works 
of Brahmagupta, names the followingthe Brahma Siddhanta, the Kara^ 
Khav^da-Khadyahi (exhibiting the doctrines of Aryabhata) and the UUaror 
Eha^i.da-Ehadyahi.^ In 1817 a translation of the mathematical portions of 
the Brahmmputasiddhmta was published by Colebrooke, and in 1902 the 
text of the BrahnmphvtasiMhmta was published by Pandit Sudhilkara 
Dvivedi. 

Albiruni, after praising Varaha Mihira, continues: * “ But look for instance 

at Brahmagupta, who is certainly the most distinguished of their astronomers 
-he shirks the truth and lends his support to imposture_ nrtflAt the com¬ 
pulsion of some mental derangement, like a man whom death is about to rob 

of his consciousness-If Brahmagupta is one of those of whom God says, 

‘ they have denied our signs, although their hearts knew them clearly, from 
wickedness and haughtiness,’ we shall not argue with but only whisper 

into his ear— ‘ If people must under circumstances give up opposino^ the 
religious codes (as seems to be your case), why then do you order people 
to be pious if you forget to be so yourself’....!, for my part, am inclined to 
the belief that that which made Brahmagupta speak the above mentioned 
words ® (which involve a sm against conscience) was something of a calamitous 
fate, like that of Socrates, which had befallen him, notwithstanding the abun¬ 
dance of his knowledge and the sharpness of his intellect, and notwithstanding 
his extreme youth at the time, for he wrote the Brahma Siddhanta when he 
was only’ thirty years of age. If tHs indeed is his excuse we accept it and 
■drop the matter.” 


1817; STOBiKABiL Dvwbdi 


1 Bfihat SamMta, V, 17. 

* See H. T. Colbbeooeb Algebra, * .from Brahmagupta and Bhascara^ 
BrdhrnasphutaaiddMnta, etc., 1902; and my Indian Maihematice, 1916, etc. 

® India, i, 166. 

* Jb., ii, 110—112. 
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Bralunagiipta is perliaps the most distinguished of the Hindu mathemat¬ 
icians known to us and Albiruni appears to have considered him the most 
distinguished of the Hindu astronomers. He appears at the climax; of the 
intellectual period of the Guptas and after his time no real advance was made 
in either mathematics or astronomy. Even in his time signs of the coming 
deterioration were not wanting. Brahmagupta himself was prepared to sacrifice) 
truth on the altar of orthodoxy, and to the historian he is now famous rather , 
for his vilification of Aryabhata and others than as a leading astronomer. 

The elements of his astronomy are given in appendix ii. There is nothing 
particularly noteworthy in his teaching : as he himself has said—the astrouomi- 
cal works of the period “ difier only in words/' probably, however, with ad¬ 
vantage to Brahmagupta. He refutes the rotation of the earth, upholds the 
orthodox explanation of eclipses, etc. He divides the ecliptic into 28 unequal 
nakshatras in the same manner as the Surya'prajm'pti. Besides the usual 
siddhantas he refers to the Indu and to Yavana siddhSntas. He employs 
the epoch A.D. 665 in one of his later works.* 

* Tho following note by Professor C. A. Nallino of Romo shows tho in/luouoo of Brahmagupta and other 
Indians on Muhanimodati writers. “Tho Muhammtwians owo tho first scientific olomonts of astronomy to 
India. In A.D. 771 there came to Baghdad an Indian embassy ono kuumod member of which introduced to tho 
Arabs tlio BraUmcuphvtmiddlmnla oomposed in Sanskrit in A.D. 028 by Brahmagupta. From this work (which 
tho Arabs called cu-Bhul-Ilhid) Ibrahim ibn IJabtb al-Pazitri drew tho olomonts and methods of calculation for bis 
.TStronomiool tables adapted to tho Muhamraatlan lunar year. Almost oontomporanoously Ya’qiib ibn Tariff com¬ 
posed his TarM aUifiak, ‘ Tho composition of tho Celestial Spheres,’ which was based on tho olomonts and methods 
of the BwIiimosplMt/asiffelJidato and on other data furnished by another Indian scientist (K. n. k. h.), who oaino to 
Baghdad with a second embassy in 101 A.H. (A.D. 777-778). It seems that almost at tho same time there was 
translated into Arabic under tho name d-Arhand tho Khai}4alMd!jalca, written about A.D. 065 by tho 
Brahmagiipta, but containing olomonts diilercnt from those of his other work. Aba’l-ljosan al-Ahwazi, a oon- 
tcniiwrary of al-Faziiri and of Ya’qub ibn Tariq, probably drawing on oral teachings of loomed Indians, introduced 
to tho jlrabs tho planetary motions according to al-Arjabhad (a corruption of Aryablmta, tho name of an 
astronomer who wrote in A.D. 600). Those Indian works hod many imitators in the Muhammadan world up to 
*bo end of tlio first half of tho .’5th century of tho Hijra (11th cent. A.D.); some astronomers {e.g., Habash, an-Noidzi, 
Ibn as-Sambl}) wrote contemporaneously books based on Indian methods and elements and books with Graeco- 
Arabic elements; o^ors (e.p., Mu)fiuunmad ibn Isjjilq as-Sorahsi, Abu’l Wafa’, al-BIrOnl, al-Haz!nI) adapted ele¬ 
ments calculated by tho Muhammadan astronomers to groat artificial cycles of years constructed in imitation of 
those of the Indians.’’ (BBE zii, 95.) 
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CHAPTER Vlll. 

The astronomy of the second period. 

49. As already pointed out there is a distinct break in continuity of ideas- 
and methods between our two main astronomical periods. The new astronomy, 
with which we now have to deal, is altogether different from that already 
ediibited. The new Hindu astrononaical school absorbed as much of the 
western teaching as they could, but the orthodox found themselves in some¬ 
what of a quandary, for it was not always easy to square the new teaching 
with so much of the traditional cosmology and astronomy as had been incor¬ 
porated with the popular religious teaching and ritual. Fortunately for the 
new teachers they had almost a ‘ clean slate ’; but there were certain recorded 
notions, old enough to have become a real part of the intellectual universe 
of the people, some of which did not fit in very well with the new ideas. 

Aryabhata was, apparently, wholly progressive and was quite prepared to 
discard any tradition that did not fit in properly; but Brahmagupta and others 
preferred to make concessions to the ignorant and bigoted of their time; and 
although they did not allow the popular notions to interfere with their scienti¬ 
fic work, they did not discard them altogether. We therefore have, mixed up 
with the new science, a fair number of rather incongruous notions that give 
to the whole scheme a somewhat fantastic appearance. 

The astronomical treatises produced by the new school are fundamentally 
aU constructed on the same plan, and as Brahmagupta pointed out, the 
differences are matters of detail or even of words only. Varaha Mihira has, 
in the introduction to his great astrological work, the Brikat SaihUta, given 
a conspectus of the astronomical knowledge of his time and this will also 
serve as a typical outline of the contents of an astronomical siddhSnta of the 
period. Varaha Mihira writes: 

As to mathematical astronomy, he must know the divisions of heaven 
and of time, in ages, years, half-years, seasons, months, half-months, days, 
watches, muhurtas, ghatis, palas, pranas, vipalas, prativipalas, etc., as taught 
in these five siddhantas—^the Paulisa, Romaka, YSsishtha, Saura and BTahiYip 
siddhSntas. He must know the reason why there are four Vinda of months 
solar, savana, sidereal and lunar, and how it happens there are added months 
and subtractive days. He must know the beginning and end of the Jovian 
cycle of sixty years, of the cycles, years, days, hours, and their respective 
lords. He naust be able to explain in what respect the reckoning after solar 
time shows shnilarity or difference compared with lunar, sidereal and sSvana 
reckoning of time and to what use each of these is adapted or not. And 
when there is a discrepancy between the siddhantas he must be able to prove- 
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experimentally, by means of tbe agreement between tbe shadow and the clep¬ 
sydra, between observation and calculation, at what moment the sun has 
reached the solstitial point, and at how many ghatikas the sun enters the 
prime vertical. He must know the cause of the swift and slow motion, the 
northern and southern course, and the moving in an epicycle of the sun and 
the other planets. He must tell the moment of commencement and separa¬ 
tion, the direction, measure, duration, amount of obscuration, colour and place 
of the eclipses of the sun and moon; also the future conjunctions and hostile 
encounters of the nine planets. He must be skilful in ascertaining the dis¬ 
tance of each planet from the earth, expressed in yojanas; further the dimen¬ 
sions of their orbits, and the distance of the places on earth in yojanas. He 

ought to be clever in geometrical operations and in the calculation of time, 
XU order to determine the form of the earth, the circle of the circuit of the 
asterisms, etc.; the depression of the pole, the diameter of the day circle, the 
ascensional differences in time, the rising of the signs, the ghatikas corre¬ 
sponding to the shadow of the gnomon, and such like processes.” 

60. Q-enerai. notions. —The earth is supposed to be an immovable sphere 

fixed at the centre of the universe, and around which the sun, moon and 

otJier planets revolve. It does not rotate, otherwise “ falcons and other birds 
could not return from the ether to their nests,” and “ flags and similar things 
would, owing to the quickness of the rotation, stream constantly towards the 
west.” Aryabhata, however, taught that the earth did rotate, but his teach¬ 
ing on this point was altogether rejected. The path of the srm is divided 

into two equal parts, namely the period during which he is going towards 

the north, and the period of progressing southwards, or from solstice to sol¬ 

stice. The obliquity, it is implied, is 24 degrees. The order of the planets 
is correctly known, but, nearly always, they are placed in the week-day order. 
They are supposed to move with equal velocities of approximately 1,200 yojanas 
a day. Eclipses are caused by the demon Eahu {Gajmt Dniconis), whose head 
corresponds, astronomically, to the moon’s ascending node; but Aryabhata and 
VarSha Mihira taught more correct views. The only stars noticed are the 
yogataras or ‘ junction stars,’ of the nakshatras, and Canopus and Sirius. The 
sphere of the stars is driven by a wind {pramJia). Precession was possibly 
known and in comparatively late works was explained as a libration, but as an 
astronomical phenomenon of importance was practically ignored; and the differ¬ 
ence between the tropical and sidereal year is not noticed. According to 
Varaha Mihira ^ “ the appearance and disappearance of comets {ketu, ? meteor) 
is not subject to astronomical calculations.” 

61. The Earth. —The diameter of the earth is given as 1,600 yojanas and 
its circumference as 1,600^10. The prime meridian passes through Lanka and. 
XJjjain, the latter being placed on the tropic of Cancer, and its longitude being 
given as • 44 degrees east of Tavanapura. 


^ BfiJicU xi, 2, 
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Mount MerUj the abode of the gods, is identical with the north pole. 
The length of the day at Meru is six months and there the sun never rises 
higher than 24 degrees. 

TerresHal coordinates .—Terrestial longitude (Z) is measured by the distance 
in yojanas from the prime meridian. If c is the circumference of the earth 
at the equator and c^ the circumference at latitude 9, then C(p=c, 

300 1 

and V degrees — ^ 600 ^10 cosy determine the difference in longitude direc¬ 
tions are given for recording the time of emergence at a lunar eclipse; but 
the only real record is 10 degrees difference between Benares and Ujiain, 
whereas the actual difference is about 7° 14'. 

Theoretically, terrestial latitude, also recorded in yojanas, was determined 
by the length of the equinoctial noon-day shadow (e) of a vertical gnomon 
(p), that is Um(f = ejg, but the only record is 24° N. for Ujjain and this is at 
least 1^ degrees too much. Since the obliquity was considered to be 24 degrees, 
theoretically there was no equinoctial noon-day shadow at Ujjain. The length 
of the day was known to vary with the latitude as well as the tirr^P. of the 
year and various rules were given. (See § 71.) 

52. THk PRIME MERIDIAN.— ^According to the Pa^hasiddhantiM (xv. 18-23) 

the early authorities were not in agreement as to the position of their prime 
meridian. The choice lay between (a) Yavanapura (Alexandria) (6) 180 degrees 
from the meridian of the Yavanas (Greeks) and (c) Lanka. The position of 

Lanka is defined as being on the same meridian as Ujjain,^ "which is near 
to Lanka, being situated to the north on the same meridian. TianVa is on 

the equator, for the people there " see the pole star on the horizon ”. The 

statement is often made that sunrise in Lanka is sunset in Siddhapura, is 
midday in Yamakoti, midnight in the Romaka country; ^ and the Pamhd- 
siddhantika points out that the longitude of the Romaka country differs from 

that of Yavanapura. The identification of Yamakoti is uncertain. Albiruni 

writes: " Yamahoti (90° E. of LahkS) is, according to Yakub and Alfazari, 

where is the city Tara within a sea.” “ I have not found ” he continues, 
“ the shghtest trace of this name in Indian literature. As koti means ‘ castle ’ 
and Yama is the angel of death, the word reminds me of Kangdiz, which 

according to the Persians, had been built by Kaika’us or Jam in the most 
remote east, behind the sea Abu-Ma*shar of Balk has based his geographi¬ 
cal cannon on Kangdiz as the zero of longitude or first meridian.” " How 
the Hindus,” he goes on to say, " came to suppose the existence of Siddha¬ 
pura (180 from Lanka) I do not know for they beheve, like ourselves, that 
behind the inhabited half circle there is nothing but unnavigable seas.” 

1 The difference between the longitude of LankS (in Ceylon) and Ujjain is at least four degrees. This discre¬ 
pancy has been explained away by some ingeneous writers by the suggestion that Ceylon was originally much larger 
than it is now. LahkR is sometimes identified with the island itself, but certain Northern Papdits have d • 
that it is oonneoted -with Ceylon at all. ” 

* That is the Romaka country is 90 degrees west of LaiikS, Yamakoti is 90 degrees east, while Siddi,.„ 

* the abode of the blest ’) is 180 degrees distant. piira 
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Tke term Siddhapura means ' the city of the perfected ’ and according 
to the Surya Siddlianta (xii. 40) “ in it dwell the magnanimous perfected 
free from trouble.” There can be little doubt that the ‘ Fortunate Isles/ 
where the souls of the good were made happy and from which the Greeks 
counted their longitude, are meant.’’ 

53. Celestial Coordinates. —^For bodies on or near the ecliptic ordinary 
celestial longitude was used, or may be considered to have been used. No 
definitions are given in the early works and the methods are exceedingly crude. 
For example, in the Fa^hasiddhmtiM the two stars of Punarvasu, or a and p 
Geminorum are given the same longitude and latitude. To express the 
latitude of a star its distance in aiigulas or digits from the ecliptic or from 
the centre of the moon was given, the moon’s diameter being divided into 
16 aiigulas. Apparently the moon’s latitude was considered negligible for this 
purpose. 

Later the coordinates used for defining the position of stars were the 
ecliptic and the great circle passing through the poles of the equator {i.e., 
a declination circle) and K Piscium. This longitude (X') is then the part 
of the ecliptic intercepted between K Piscium and the point of intersection 
of the declination circle passing through the star and the ecliptic. The corre¬ 
sponding latitude (p') is the part intercepted on the same declination circle 
between the star and the ecliptic. Whitney called X' and p' the pokvr longitude 
and latitude.* (See also ^67c.) 

The fixed point. —^All the later Hindu texts agree in regarding the 
star K Piscium or 10' east of that star as the point of origin for longitude 
and similar calculations, and to the present day it is supposed to mark a 
sort of artificial vernal equinox and the commencement of the year. 

The star K Piscium was within a degree of the equinoctial point at 
A.D. 606 (Saka 427), the epoch used by Varaha Mihira. According to Bhas- 
kara the coincidence took place in A.D. 627, while Whitney calculated A.D. 
670.® The PafiehasiMMntika says: “ At the present time (A.D. 606) ■the 

ayana begins from Punarvasu” and this means that the sun’s southern course 
commenced, or in other words, the summer solstice took place, when the sun 
entered the nakshatra Punarvasu. This conveys no very precise meaning, for 
Punarvasu occupies some 13J degrees and it commences at an indefinite dis¬ 
tance from some point that is now unknown and probably never was fixed 
with any exactitude. But according to one scheme Punarvasu corresponds 
roughly to a and p Geminorum, and within the general range of accuracy 


^ According to the Arabs the longitudes of the ‘ Fortunate Isles’ must have been about 35 degrees west of 
Greenwich, and thus about 116 degrees west of Oeylon; but the Pailchasiddhd/rUika (xv. 19) seems to indicate 
that the prime meridian of the Yavanas was 180 degrees from Lafik5« 

» Abu ‘All al-Hasan (13th century) employed the so-called polar longitudes, and so did Jai Singh in the 18th. 
century. See my Astronomical Observatories of Jai Singhs p. 8. 

» JAOS, 1868, p. 168. In 1918 ^Piscium ■was about 18 degrees from the true vernal eq.uinootial point. 
The Hindu year then commenced on April 12th, while spring actually commenced on March 21 d. at 10 h. 26 m. 

I 
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of the text, the summer solstice marked by Punarvasu corresponds to tbe 
vernal equinox at K Piscium. There is, however, little doubt that at this 
period (A.D. 605) and for a considerable time afterwards the necessity for a 
fixed zero point was not realized; although it may have been known that 
the positions of the solstices changed. 

64. Angular units or measurement. —Strictly speaking angular measure¬ 
ments were not employed at all. They appear almost to have been syste¬ 
matically avoided; and when the Greeks, for example, gave an angular mea¬ 
surement the Hindus gave a length. Whitney pointed out ^ many years ago 
that in the Surya SiddMnta at least the Hindus “ made no use whatever in 
their calculations of the angle.” The nearest approach to a real angular 

quantity was possibly the Saura day. But they introduced the usually Greek 
nomenclature of ‘ sign ’ {rd£), ‘ minute ’ {Uptd or hold), ‘ second ’ (vikcdd). In 
the Vedahga period, however, these do not occur—^the nakshatra (=800') and 
the amia, of which 124 went to the nakshatra, being employed. 

Signs. —The names of the western zodiacal signs—^Aries, Taurus, etc.—were 
introduced with a double signification, namely as designating particular portions 
of the ecliptic and as measures of any arc. 

Degrees, etc. —The term for degree is hhdga or anda, and each of these 
words, like the original Greek word fiotpa means a ‘ part ’ or ‘ fraction.’ 
The minute of arc is Ivftd (Gk. X s« t o ) or kald, and this division appears to 
have been preferred to the degree, for nearly all the actual measurement 

recorded are in minutes, as lengths of arc. The second of arc is vikald or viliptd. 

Digits. —The digit {angida) is employed in the theory of the gnomon and 
in measuring the diameter of the moon, particularly in eclipses. The history 
of the digit as an astronomical unit of measurement is obscure.® The Parichn- 
siddhdntikd seems to imply that it was one-fifteenth of the moon’s diameter, 
while the Swrya Siddhdnta seems to make it one-twelfth, and on another oc¬ 
casion equal to 4 minutes of arc.* 

The vertical gnomon was usually divided by the Hindus into 12 anguhs 
or digits, but in later times 12 davk^as or 720 minutes was sometimes the 
division employed. 

The term denotes usually a measure of length equal to 96 digits 

or about 6 feet; but it also was used as an equivalent for a nd^i (24 minutes). 

The earliest Hindu record of measurements of star places employs degrees for 
the measurement in longitude and hastas for latitude. Usually 4 hastas are 
equivalent to one darida but in these star measurements possibly the Jiasta 
denotes 48 minutes of arc and, since 24 digits equal a hasta each digit would 
then denote 2 minutes. 

TaUes of sims .—The PcmMia SiddMnta gives a table of twenty-four ai>e s 
which appear to have been obtained from Ptolemy’s table of chords. Instead, 


‘ JAOS, 1868, p. 269. 

* See P. Taottbry, Mhnakea, ii, 266 tt teq- 
» PS, xiv, .88; RS. iv, 9 and 26, and x. 9. 
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however, of dividing the radius into 60 parts as did Ptolem. 7 , Paulina divided 

it into 120 parts; for as sinO =- ^ - this division of the radius 

enabled him to utilise the table of chords without numerical change. Arya¬ 
bhata gives another measure for the radius (3438') which enabled him to ex¬ 
press the sines in a sort of circular measure, while Brahmagupta divided the 
radius into 3270 parts. The several stages are— 

(i) The chords of Ptolemy with r=60 
{ii) The sines of Paulina with. r=120 
{in) The sines of Aryabhata with r=3438 
(w) The sines of Brahmagupta with r=3270 

Denoting these several sine functions by sinP, sin .4, sinP we have 
sin i ==h’d 2 0 , sin4=- (i ch’d 2 0 ), siaB = - (^ ch’d 20 ) where B, A, B and 0 

7C W 

are the same arcs. In forming his table Aryabhata appears to have used 
the approximately correct value it =600/191, while Brahmagupta seems to have 
employed some convenient though rough approximation near to the value 3j|, 
realising that this approximation in no way vitiated his table.^ 

In the PamhasiMMntiJia the Paulisa sines are generally used, while in 
most of the later works the sines of Aryabhata are used. The tables of sines 
are given in appendix iii (table 11). See also §66. 

Time. 

56. The Hindu astronomers developed a curious time system. Since, in 

practice, they ignored precession they made no differentiation between the 
tropical and sidereal year. In the Jyotislia Vedanga their astronomy almost 
wholly consists of sidereal calculations but later, except in the case of the 
jreajr, sidereal units do not seem ever to have been freely employed. Their 

principal real units were the samna or ‘ civil ’ day and its subdivisions, and 

the year; but they introduced at a comparatively late date, the so-called 
lunar day or tUhi, of which thirty make a synodic month, and this became 

to a great extent their basis of reckoning. 

In nearly all their works are found two sets of measures, one of which 
was actually used, while the other consists of units that at first appear to 
have been created simply to satisfy flights of imagination. It is not always 
easy to distinguish these two sets, but we can, for example, class as artificial 
the •para of 311,040,000,000,000 years and the trufi of about *00003 seconds. 
At present we are concerned only with such units as were actually employed 
for astronomical purposes. 

1 If the radius be expressed in terms of the length of the oiroumfereuce (in degrees) we have r=360725s*= 
57*2958 dcgrees«53437*75 minutes approximately. How Bralimagupla arriTed at 3270 is not certain. As 
suggested aboveTiis value for it may have been a rough one: but it may also be noted that 3270«»(57’'184)* or 
120 x 27i. 
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The modern Surya SiddJiMvta points out (xiv. 2) that practical use is 
made of four kinds of time, namely solar, lunar, sidereal and civil (sdvam) 
•time. Of these the so-called ‘ solar ’ and ‘ lunar ’ are not strictly direct mea¬ 
sures of time but of arc, or rather angular motion, and are obtained by divid¬ 
ing the period of revolution by the angular measure of the path of revolu- 
■tion. They seem to correspond to the time degrees of Hypsicles.^ The actual 
unit of solar time is the solar day which is obtained by dividing the length 
of the year by 360; and the unit of lunar time is the tithi, which is the 
synodical month divided by 30. Civil or savana time is based upon the day 
reckoned, generally, from sun-rise to sun-rise. 

The uses of the different measures of time, according to the Surya Sidr 
dhdnta (xiv. 3—18), are as follows :— 

Solar time. —“ The measure of day and night, the shadaiitimukhas,’^ the 
solstice, the equinox, and the propitious period of the sun’s entrance into a 
sign—are determined by solar time.” 

Lunar time. —“ General ceremonies, marriages, shaving, and the performance 
of vows, fastings and pilgrimages, are determined by lunar time.” 

Civil time. —“ The time of sacrifice, the regents of days, the mean motions 
of the planets, etc., are determined by sSvana time.” 

Days. 

56. TJie savana day. —The fundamental \init was the savana or civil day, reckoned 
generally from sun-rise to sun-rise,® and treated as a constant quantity. Brahmagupta 
defines the savana day'as an ‘ earth ’ day, possibly in contradistinction with the so- 
called solar day. The savana day, for practical purposes, corresponds to what we 
call the mean solar day. The subdivisions commonly employed are as follows : 

Subdivisions of the day.^ 



1 vipala®. 

.• 0’4 second. 

10 vipalas 

= 1 prana . . 1 

. . . 4 seconds 

60 vipalas 

= 1 pala . 

. . . 24 „ 

2 palas 

= 1 kala 

. . . 48 

60 palas 

= 1 ghati . 

. 24 minutes. 

2 ghatis 

= 1 muhurta 

. . . 48 „ 

60 ghatis 

= 1 day® . 

. . . 24 hours. 

30 muhurtas 

= 1 jj . 

. . . 24 ,, 


1 Dblambbe 1,248. A similar case occurs m the Suryaprc^napti, where the ecliptic is expressed in terms 
of the sidereal month. See § 24. 

® The term sJMiaSitmuhJia is m ^astrological one connected with the subdivision of signs into 
novenaries. 

* The practice seems to have varied to some extent. The Bomaica Siddhdnta reckoned from sunset to sunset 
(PS 1. 8), and this was also the practice of La^a (PS xiv, 18—19). Simhacharaya reckoned from sun-rise and 
.Brahmagupta established that practice. 

* The apparent solar day (noon to noon) varies in length up to a little more than three-<]^uarters of a minute* 
Bieokoned from sun-iise to sun-iise the variation would generally be greater. 

^ Alternative terms are gurvakshara for vipala, vma4% for jJoZa, for gltafi, for rn/u^iitta, &c. 

® According to the Surya Siddhdnta (i, 12) a sidereal day. 
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The tithi. —Thirty tiihis make a synodic month and a tiihi is defined 
as the period in which the difference in longitude between the moon and the 

sun increases by 12 degrees. It varies in length from about 21 h. 34 m. 24 

sec. to 26 h. 6 m. 24 sec. A savam day (24 hours) may therefore include 
a whole tithi and parts of two others and a tithi may ‘ touch three civil 
days.’ This necessitates the suppression of some 13 tithis in 12 synodic 
months and the repetition of some 7 tithis in the same period. There are, 
however, indications in the early siddhantas that the variation in the length 
of the tithi was not noticed, or was not considered of sufficient importance 
to afiect the calculations. 

The tithi appears comparatively late in Hindu literature. It is completely 
unknown in the Brahma^as, but the name occurs in the later Sutras.^ In 
the Jyotisha Ved&'hga the tithi certainly is not of importance but a knowledge 
of it is implied. The earliest definition appears to occur in the PaulUa Sid- 
dhdnta (PS. ii. 7 and xiv. 12). From the Romaha Siddhanta onwards, how¬ 
ever, the tithi is an essential part of each system which is epitomised by 

stating (o) the number of years, (h) the additional months and (c) the omitted 
tithis in a yuga or cycle. 

The origin of the tithi is somewhat obscure. As a time unit it is most 
extraordinary, and possibly it originated as an angular measurement of motion, 
like the solar day. 

The solar day. —The so-called solar day, which is really not a time unit 
but an angular measure, is hinted at in the Jyotisha Vedd'Aga, is employed 
in the Pa'^JmiddhdntiM and is largely used by Pulisa.® It is obtained by 
dividing the length of the year by 360. 

The sidereal day. —I'he sidereal day is defined as a revolution of the circle 
of the stars. The subdivisions of the day are said to be based upon the 
sidereal day, but in practice they generally pertain to the SSvana day. 

The Varm day.—A. day reckoned from moon-rise to moon-rise is referred 
to in the Jyotisha Vedd^a and the number of the risings of the moon in 
the cycle of’ five years is given as 1768 (=5x366--62), and this lunar day 
was therefore equal to 1+31/884 BSvana days. With the coming of Greek 
astronomy it appears to have dropped out of use. 

Months. 

57. The solar month is the time the sun takes to traverse a sign of the 
zodiac, and was probably at fibrst considered as consisting of 30 solar days; 
but the Paulina SiddhdrUa points out the irregularity of the sun’s motion and 
gives the average daily motion for the several months as 57’, 57', 57', 57', 
58,’ 59’, 61’, 61’, 61’, 61’, 60’, 59’. 

In the Jyotisha Vedci/hga the time of the sun in each nakshatra was em¬ 
ployed as a unit, but the nakshatra scale was later on, partly, at least, 
replaced by the sc ale of signs. _ 

“ 1 GdbUla Qrihya SiUra, i, ; ii, ; SojifcAfiyana Grihya S&ra, , 26; t, 2. eto. 

* India, ii, 41 et seq. 
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The term saura, or solar, month is an awkward one but the measure it- 
denotes, i.e., the time the sun remains in a sign, is a scientific one, and‘ 
became important in the later works. The months were eventually named 
after twelve selected nakshatras (or vice versa) and an attempt was made tO' 
explain the genesis of these names by connecting them with the moon. The 
usual explanation is as follows: 

“ The full moon which occurred when the moon was in conjunction with 
CbitrSi was named Chaitri, and the lunar month which contained the Chaitri 
full moon was named Chaitra, and so on with the others.” A possible ex- 
planation, that agrees with the traditional one to a certain extent, is that 
the nomenclature represents an attempt to equate the nakshatras and signs- 
of the zodiac. In later times the name of the month is determined 
altogether by the position of the sun with reference to the zodiacal 
signs. 

The synodic The synodic month is variously reckoned from new 

moon to new moon, and is then termed amdnta, or ^uUddi; or from full 
moon to full moon and is then termed fmrd onanta or hrishfiM/i. It forms 
one of the most important of the siddhanta elements; but in later practice 
it is subordinated to the saura month, on which it is always made, more or 
less, dependent. The lunar Chaitra may be defined as the amarda month at 
the first moment of which the sun is in the sign Mina (Pisces) and in the 
course of which the sun enters Mesha (Aries). 

The synodic month is divided into two portions {palesJia) called the bright 
half {hbJda, Suddha, etc.) and the dark half [hrishm, bahula, etc.). The bright 
half ends at full moon and the dark half is from full to new moon. 

Intercalation. —Since a solar month varies from about 29 d. 7 h. 38 m,, 
to about 31 d. 16 h. 28 m. and a ^nodic month from about 29 d. 7 h. 20 m. to 
29 d. 19 h. 30 m. it is possible for two synodic months to fall partly within 
one solar month, and also for two solar months to fall partly within one 
synodic month. In the former case an additional synodic month {adhimasa) 
is intercalated; while in the latter case a synodic month is suppressed. There 
are normally 7 adUmasas intercalated in 19 years, while one month is sup¬ 
pressed at intervals of about 19 years. The suppression of a month is pro¬ 
bably a comparatively late refinement. 

The early texts give the number of adhimdsas or months to be inter¬ 
calated in a cycle, but make no reference to suppressed months, nor do they 
notice the variation in the length of the synodic month; and, although they 
record roughly the variation in the length of the solar month, they do not 
appear to have troubled much about it for calendar purposes. 

The Sidereal month. —^The sidereal month is mentioned in the early 
astronomical texts and in the Swrya/prajHafti it is employed as the basis of 
the nakshatra scale; but it does not appear to have been made much account; 
of in any Hindu method of reckoning time. 
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Tte lengths of the synodic and sidereal months (in sdvana days) given 
in the several texts are as follows: 


' 

Authority. 

' 

Synodic month. 

Sidereal month. 

Jyotislia Vedanga. 

Days. 

29J§=29-5161 

Days. 

27||=27-31 

Xautilyds Artha^stra .... 

29J =29'.'5000 


Homaka Siddhanta. 

29-52037 

27-321601 

Old Surya Siddlianta .... 

29-530587 

27-321673 

Paulina Siddhanta. 

29-530587 

27-321673 

Aryabhata. 

29-530582 

27-321668 

Brahniagxipta. 

29-530582 

27-321668 

Later Surya Siddhanta .... 

29-530879 

27-321674 

Bhaskara. 

29-530587 

27-331139 

Approximately correct values . 

29-530588 

27-321661 


68. The Year.^ —The year was originally tropical but with the first formal 
works on astronomy became sidereal. The difference between the tropical and 
sidereal year is generally ignored. Of the so-called lunar year of twelve lunar 
months “ Wo know of no use made in India, either formerly or now, except 
as it has been introduced or employed by the Mohemmadans ” writes Whitney. 

At the period of the introduction of Greek astronomy the year began 

when the sun was near ^ Piscium which then nearly coincided with the 
vernal equinox. This is usually termed the MesJia smihrcMi, which means 

‘ the entrance (of the sun) into the sign Aries.’ The year is still counted 

from the conjunction of the sun with the same star, and this conjunction 
is considered as a sort of artificial vernal equinox. 

The length of the year employed for calendar purposes differs slightly in 
different parts of India and the civil year begins at various times and the 

first civil day is also determined by various methods. 

The year is still divided into the lUtardyana, or period during which the 
•sun is moving northwards, and dahshv^ycma, or period during which it is 

moving south. The uttarayana does not now begm at the time of the real 
winter solstice but at the nomir.al one (about January 12thi and similarly 

the commencement of the dakshinSyana is displaced. 


^ See aJso §28. 
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Tie various lengths of the year employed are 


Period oixoa. 


Aatboiity. 


Length. 


Vedas 


A.D. 600 . 


A.D. 1160 


AD. 1917 


Jyotisha Vedanga, etc. 
Paulina siddMuta 


360 (But see § 28, page 26). 


366 d. 6 h. 12 m. 36 sec. = 365-26876 Sidereal. 


A.D. 400 to 500< Old Siirya siddMuta . 366 d. 6 h. 12 m. 36 sec. = 365-25876 


Eomaka siddMuta 


Aryabhata 


365 d. 6 h. 55 m. 12 sec. = 


365-2460 Tropical 
(Brpparchus). 


A.D. 628 . . Braiunagupta 


366 d. 6 h. T2 m. 30 sec. = 366-26868 Sidereal. 
366 d. 6 h. 12 m. 9 sec. = 365-26844 


Later Arya siddhauta . 365 d. 6 h. 12 m. 30-8 


365-26869 


BMskara 


365 d. 6 h. 12 m. 9 = 366-25844 


Later Siirya siddMuta . 365 d. 6 h. 12 m. 36-66 = 366-26876 


. Moderu Brahma sid¬ 
dhauta. 

Approsimately correct-^ 
values. ! 


366 d. 6 h. 12 m. 30-9 = 365-25809 „ 

365 d. 6 h. 48 m. 45-98 = 365-242199 Tropical. 
365 d. 6 h. 9 m. 9-6 = 365-256300 Sidereal. 


59. Cycles or Yugas.— The evolution of the cycle or period of time (yuga) 
employed as a sort of major astronomical unit by the Hindus is fairly defin¬ 
itely outlined. We have the following order;— 



2,850 years . 
180,000 years 
1,080.000 years . 
4,320,000 years 
4,320,000 000 years 


Period. 


•Up to about A.D. 200. The 
Faitamaha siddMuta uses the 
epoch of A.D. 80. 


A.D. 400 


A.D. 600 ouwards. 
A.D. 628 .. 
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It may be noted that 4,320,000 =20.60®; 1,080,000=6.60®; 180,000=60.60®; 
2,860=19X60. This last suggests a connexion with the Metonic cycle, and 
this suggestion is supported by the fact that the Romaka SiddImUa also 
employs the tropical year of Hipparchus. 

None of the cycles is of great antiquity in India^—all, except perhaps 
the five year cycle, were imported with the western astronomy, but their 
history is not very clear. The Greeks had successively employed cycles of 
8 , 16, 19 (Meton), 69 (Oenopidus), 76 (Calippus), 2,484 (Aristarchus), 304 (Hip* 
parchus), 10,800 and 180,000 (Heraclitus), 120,000 (Orpheus), 360,000 (Cassan- 
drus); and the Chaldean cycle was 432,000 years. The Greeks sought a period 
without fractions (exeUgmos) and so did the Hindus.® The earlier and smaller 
cycles were attempts at reconciling the motions of the sun and moon only. 
Later the planets were brought into the scheme and the cycles naturally be¬ 
came greater (1,080,000 years) and later still the revolutions of the apsis and 
node of the moon being included necessitated a still greater number (4,320,000 
years); and later, still the inclusion of the supposed revolutions of the aspides 
and nodes of the other planets involved the still greater cycle of 4,320,000,000 years. 

The subdivisions and multiples of the vmhdyuga of 4,320,000 years have 
little astronomical value. Aryabhata and Brahmagupta differ as to details 
and, on this matter Brahmagupta, as representing the orthodox, condemns 
Aryabhata. 


— 

Aryabhata. 

Brahmagupta. 


Periods. 



1st Yuga pada . . . 

1,080,000 = 5.60® 

1,728,000 = 8.60® 

Krita. 

2nd „ ... 

1,080,000 = 5.60® 

1,290,000 = 6.C0® 

Treta. 

3id „ ... 

1,080,000 = 5.60® 

804,000 = 4.00® 

Dvapara. 

4tlx ,, ... 

1,080,000 = 5.60® 

432,000 = 2.00® 

Kali. 

Matayuga or Chaturyaga 

Manvantara 

4,320,000 =20.60® 

72 X 4,320,000 = 
311,040,000=24.604 

4,320,000 =20.60® 

71 X 4,320,000 = 
300,720,000= 

71.(20-60®! 

Mahayuga or Chatnc- 
yuga. 

Manvantara. 

Kalpa .... 

14 X 311,040,000 
= 4,354.560.000 
=336-60* = 

1008 (20.60®) 

14 X 306,720,000 
+ 15 X 1,728,000 
=4 320 00()<MKi 

= 1000 (20.60®! 

Kaluu. 


^ Tho Mahdhharata (iii, 18$) refers to tlie maMyuga, iioka speaks of ‘ the kalpa of destruotion,* and an 
inscription of A.D. 150 mentions the end of the yugas. See J. F. Flbjbt, JRAS, 1911, p. See also p. 26. 

^ See P. Taknebv. Le grand annie ArUta/tam de Samoa. Memoires soientihoues. u. ^ 40 also 
BBS'S analysis of the chapter from Geminus Peri oBoligmos.’ Hialoire de Caatronom^a i, 297; Plbbt 

JEAS, 1911, 479 at aag. 
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'Rr^. li m fl.gnptifl. givBS aiioth.6r variation, wliicli makos a HcoJ/pd 994 timos a 
mahayuga.' Also there is a further extension employed called the rmlidkalpa 
or half the life of Crahmaj e<ju.al to 100 X360 kalpas =166}620j000}0005000 years. 

We are supposed now to be in the Kaliyuga of the 28th Chaturyuga in 
the 7th Manvantara in the first Kalpa in the second half of the life of Brahma. 

60. Epochs.—T he Hindu astronomers were not observers but calculators. 
Their text-books gave the necessary elements, and to find the positions of the 
planets at any particular time they did not make and record observations 
and calculate from such observations, but calculated from a given epoch the 
places the planets should occupy. Varaha Mihira gives as the working epoch 
for the PaitdmaJia SiddhS/nia, ^aka 2=A.D. 80, and for the Povnaika Siddlianta 
^aka 427=A.D. 605. Brahmagupta employs A.D. 666. The modem 8wya 
Siddhamta actually works from the beginning of the Kali yuga, or 3102 B.C., 
while it and other texts also appear to work from the beginning of the Kalpa 
or even from their estimated period of creation, or nearly two thousand million 
years B.C. 

The following dates occur:— 

Kaliyuga . 0^ = B.C. 3101 = 3,240,000 of the chaturyuga. 

Saka ; 0 = A.D. 78 = 3,243,179 „ 

2 = „ 80 = 3,243,181 „ 

427 = „ 505 = 3,243,606 „ „ 

587 = „ 666 = 3,243,766 „ „ 

953 = „ 10313= 3,244,132 „ „ 

The aharga/nia. 

61(a). The i&axi ah(wgam, or ‘sum of days’ refers to a method of car- 
culating, by means of the number of years, iutercalary months and omitted 
tithis in a yuga, the number of civil or sdvana days that have elapsed from 
a certain period, when the years, months and tithis, in which dates are gene¬ 
rally expressed, are known. The years are either sidereal or tropical (the 
difierence being ignored); thei months are marked by the entry of the sun 
into the successive signs; and th^ tithis are one-thirtieth parts of the synodic 
month. 

The texts give the years (Y) in a cycle, the intercalary months (Mi) in 
a (ycle, and the omitted tithis (Do) in a cycle as the essential elements; 
and from these the other elements can be deduced as follows;— 

Solar months . . . . . . M* = 12Y 

Synodic months . . . . . . = 12Y -J- M, 

Sidereal months . . . . . , = Mi Y 

Solar days . . . . . . . D* = 30M« 

Tithis... . . . . Dj = 30Mi 

Savana or civil days . , . D = Dj — Do 

1 The Kaliyuga begau at sunrise at Uj jaiu on Friday, 18th February 3102 B.Cm according to some authorities’ 
acoording to others at the preceding midnight. 

® Albirum’s gauge year, Thursday, 26th February=A.H. 422, 28th Siiiar. 
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If we express the yuga or cycle elements by capital letters (as above) and the elements for any given time 
by small letters we have 

^ ^ ^ 
to- “mT' d. “D« ^ * y “ Y ^ 

( 6 ) Puliia's method of division. —Puliga, who appears to be the chief authority in these calculations, employs 
the following method of division: If 


B + o/d 


A — X 
B 


then X : 


A o/d 


A- 


and 


4 . o/d ” " B + c/d ■ 


A o/d 


B 


For example— 
A 


976 


104,064: 
1,693,336' 


104,064 A / 104,064 

^ 1,693,336 / 1,693;336 


976 


_ , — 271 A/4,050,000 
976 ■ ’ 


11 


11 . 


A 63 


e-wo 


61)673 703A1 

(c) Aharguna withotd kahepa ,—If the time that has elapsed sinoo the beginning of a yuga or cycle if^ 

Mr 


expressed by y m' naonths and d/ then ( 1 ) m, = 12 y + m', (ii) m^ = j^m, J, where the 
square bracket denotes that the quotient only is to be taken, (ni) m^ =s= m. + mi, {iv) (l| := 30m + d/, 
(v)d. = = 

Example .—At the oommencemont of Saka 953 (AB. 1031 February 26th) 3,244,132 years of the 

12 X 3,244,132 x 1,693,3361 


yeoTfi 


chaturyuga had passed, and (i) m« = 12 x 3,244,132i (n) mi 


-[ 


61,840,OOU 

iitlilB 

(omitting the fractional portion), (tii-iv) d, = 30 (12 x 3,244,132 - 1 - 1,196,526) s= 1,203,783,770, 


= 1,196,626 


^ j rn,203,783,270 X 26,082,2621 omittodtithlB 
do == —J = 18,836,679 , (vi) d=: 1,203,783,270 — 18,835,o79 = 1,184,947.691 

ssvana or civil days. 

(d) Bra}miagupta*8 rule for the epoch iaka 587 (= A.D. 665). 

(i) d» = 30 (12 (y 687; -f m) + d',, tho days of the date being expressed in solar days (a oxirious pomt). 



m, - r**’ + ® 

— (d, + 6) / 149451 


mi — 1 ' 

976 J‘ 

(iii) 

dj 30 m^ *•}** d«( 


(iv) 

A _ fll d,— 

(U d, + 497) / Hl,673]n 

Oq - 1^ 

703 S 

(v) 

1 

II 



1 The following ratios are employed in the examples below :— 

_ aq 63379. _ -7739. I), _ 104064 

69673’ Y 9600’ Mi 1593336’ 

See appendix iii, 4, p, 120 . 
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The quantities 5 and 497 are added in on account of the epoch. At 687 S', the caloulation for the inter- 
calary months gives a fraction of and that for omitted tithis gives a fraction Sohram’s calculation foi 
the epoch is as follows : at the beginning of 587 Saka 3,243,766 years of the chaturyuga had elapsed, and 


Bolatdays 

(i) d, = 360 X 3,243,766 « 1,167,765,760. 


(«)§ 


271 X 1,167,766,760 
4,060,000 


_ 7R r ^.187.765,760 - 78,139 1 _ 

— 78,138 gg25 L 976 J "" 076, 


solar dasrg adhlm&Bas tlthls 

(Hi) 1,177,766,760 + 30 x 1,196,391 = 1,203,647,490, 


11 X 1,203,647,4 0 89,199 pH + 1.203,647,490- 118,668n 

lOTrafT HOT I-703- J = 18.833.676 4|. 


titbis omitted tithis saTaaa days. 

iv) 1,203,647,490 18,833,676= 1,184,813,916* 

(e) Brahmgu'pta's method for adhim&aaa .—^For y years we have 

/•X 360 y. 


(ii) mi 


y / d + 

30 V y )’ 


(««»,- (f + ^ - S“)=^(5» S -»») 

^ "9600^ which represents the role given in the text. 


The ubove examples indicate the methods employed, but they are not 
exhaustive. The practice varied and the texts are rather unsatisfactory. 
Apparently the Romaka Siddhmta is the earliest text which gives such ele¬ 
ments as D, Mi, and D, and the ahargam process. “ This,” Varuha Mihira 
says, “is the method of the siddhanta of the Greeks.” 


62. Pebcbssion.i— It has already been pointed out (§ 6S) that the initial 
point of the Hindu celestial sphere is now considered as fixed at a point near 
X Piscium; but Varaha Mihira relates that, while in his time the summer 
solstice took place in Punarvasu (.? a and p Geminorum), formerly it had taken 
place in the middle of Alesha {? vj Hydxse) and was then correct. This state¬ 
ment was made to elucidate an astrological rule^ relating to certain aspects 
which are said to occur when {K ~ 23» 20') -f- (X. - 23° 20') =0 or 180° and the rule 
..and explanation imply that the amount of precession during the period was one and 


§ See (b) i. 
^ See (b) iL 


* Note that d — 3,243,766 ^ - 1,184,813,914-46 where D = 1,577,917,800 and 1= 4,320,000. 

I “ P««as 5 rapli 31. to which reference should be n^ade. 

P.S. lit, 20 - 21 . Also P8 m, 1 - 2 , where he substitutes ‘ the beginning of Cancer ’ for Punarva?!. 
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two thirds nakshatras or 23® 20'. Immediately afterwards Varaha Mihira says: 
‘‘ When the degrees of the ay ana are in the opposite direction, the quantities to he 
added to the sun’s and moon’s longitude equals the sun’s maximum declination.” 
This is said to imply a libration of the equinoxes, and this notion of libration or 
a modification of it appears to have been the theory generally accepted by the Hindus. 

The modern Swya Siddhawta (iii. 11-12) says: “ The circle. 

has moved eastward, when the longitude of the sun, as obtained by calcula¬ 
tion, is less than that derived from the shadow, by the number of degrees 

• of the difference; then, turning back it has moved westward by the amount 
of the difference when the calculated longitude is greater.” 

As Whitney points out, it is evident that the initial point of the sphere 
was regarded as the movable .point and the equinox as the fixed one. This 
very curious idea was not peculiar to the Hindus, for Albiruni condemns Varaha 
Mihira because he “ had no knowledge of the motion of the fixed stars towards 
the east . . . . ” “ The solstice has kept its place,” he says, “ but the 

■ constellations have migrated, just the very opposite of what Varaha Mihira 

has fancied.” The supposed motion of the constellation Ursa Major, already 
referred to, is no doubt connected with the same idea. 

The rule for calculating the amount of precession is this: (a) “ In an age 
{i.e., 4,320,000 years) the circle of the asterisms nakshatra falls back eastwards 
.six hundred revolutions. ( 6 ) Of the result obtained after multiplying the sum 
of days by this number, and dividing by the number of natural days in an 
age, (c) take the part which determines the sine, multiply it by three, and 

■ divide by ten: thus are determirie.! the degrees of precession.” 

There are here three separate directions: (o) gives the period of revolution 
as 4^3^000 _ Y 200 years; ( 6 ) directs us to find the fraction of a revolution 

(the phase) at the given time and (c) states how the actual precession is calculated. 

The revolutions referred to are those of a point on an epicycle whose centre 

is at a fixed point on the ecliptic as deferent, and the radius of the epicycle 

js of the radius of the deferent. 

The angle subtended by the radius of the epicycle at the centre of the 

• deferent is therefore approximately 17^ degrees. In one revolution of the epi¬ 

cycle the precession is 4 X 17^® and as one revolution takes place in 7,200 years 
the amount of precession a year is approximately 35 seconds.® Other texts 


1 P.S. iii, 20. The aohome is the improved parallel scheme {Antiacia of Mrmious, after Dorothea of Sidon)* 
Bouohd Lecleroq, p. 161. See also AlbiranI, ii, p. 204. 

(1) JA'^S 1868, p. 244. (2) India ii, 88. (3) SS. iii, 9-10. (4) Whitney gives 600 but points out that 
Bhaskara gives 30. The phrase in question possibly means ‘ thirty squared,’ which would give an annual 
precession of 62*6.'' 

i Ptolemy s value was 36 seoonds. 
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appear to give 27 as tte radius of the epicycle.^ EMskara discards the libration theory 
and gives a complete revolution in about 21,636 years or a yearly rate of practically 
one minute of arc; but Bhaskara’s teachirg on this point was not accepted by the- 
Hindu astronomers and the libration theory seems generally to have prevailed.® 


Hindu Star Lists. 

63. The determination of the position of the stars with exactitude does not 
seem to have interested the ancient Hindu astronomers.® In early works the 
brief lists of stars with celestial co-ordinates given are generally in connexion 
with the path of the sun and moon through the nakshatras. In each nakshatra 
the position of a junction star or yogatS/ra was determined. The Pmchasid- 
dhoMika mentions seven of these while the Surya SiddMnta gives the position 
of 28, one for each nakshatra, and also of seven other stars. 

The PancAcmddMnfiM record is as follows:— 

“ The yogatara of Kbittixa is at the end of the sixth degree and three 
and a half Jmtas to the north of the ecliptic; that of EohinI 
is at the end of the eighth degree, and five and a half histas 
to the south of the ecliptic.” (XIV, 34) “ The two stars of 
PuNARVASU are at the eighth degree, and to the north and south 
of the ecliptic at an interval of eight hasfas. The star of Pushya 
is at the fourth degree, three and a half hastas to the north.” 
" Of ASlbsha the southern star is at the first degree one hasta 
(south); so also the northern star of MaghI, the conjunction takes 
place in its own field,* at the sixth degree. Of Chitba at seven 
and a half degrees, three hastas to the south.”® 


^ According to Theon some ancient astrologers had found that the stars had an oscillation of 8 degrees back 
wards and forwards in 672 years. (Dblambrb, ii, 625) Abu’l Hasan assumed that the motion took place in a circle, 
whose radius occupied 10 degrees of the ecliptic and whose centre was absolutely fixed. The rate of motion was 
supposed to be 90® 9' in 1,000 years, which corresponds to an av erage of 36"' a year in the ecliptic itself.Rogiomon 
tanus gave the circle a radius of 4® 18'. Copernicus examined the theory of trepidation and pointed out that the 
records appeared to indicate a persistent variation in the motion; and it was not until the sixteenth century that 
its regularity was re-established. “ The authority of Tycho Brahe was so great that the mere fact of his having 
ignored the phenomenon of trepidation was sufficient to lay this spectre which had haunted the precincts of Uran’a 
for a t' ousand years and possibly much longer.” Dbeyer, Tycho Brahe, p. 366. 

® Albiruni {India i, 366) thought that the Hindus discovered that the real solstice preceded the solstice of 
their calculation in A.D. 989 ; and 1 e points out that “ Punjala, the author of the Srmll Manasa, says that in the 
year 864 of the SakaJcala the real solstice preceded his calculation by 6® 60', and that this difference will increase 
jn future by one minute every year.” See also Colbbrooke EsaayB ii, 332, 333. 

® Alberuiii writes (II, 83): “ The Hindus are very little informed regarding the fixed stars. I never came 
across any one of them who knew the single stars of the lunar stations from eyesight, and was able to point them 
out to me with his fingers.*' ^ i.e., on the ecliptic. 

® Since 24 angulaa = 1 haata and the diameter of the moon was reckoned as 16 angulas, and its mean diameter 
as 32 minutes (SS. IV, 1) we have approximately 1 angula = 2' and 1 haata = 61' 12"' roughly; but possibly 
1 anaula was meant to measure 2 minutes. Also 27 nakahatraa occupy 360® and one therefore occupies 13 J degrees. 
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The Surya Siddddnta gives the positions of the chief stars of the naksha- 
tras in terms of polar latitude and longitude.^ The Swya Siddhanta stars 
are given in appendix in, table 1. 

Hindu Astronomical Instruments. 

64. The only instruments of practical utility for astronomical purposes 
described in ancient Hindu works are the sun-dial and clepsydra. An armillary 
sphere is also described as an instrument for purposes of demonstration. The 
only Hindu instrument of any antiquity actually found is the clepsydra, con¬ 
sisting of a metal bowl floating in a vessel of water.® 

The following is a summary of those parts of the early Hindu texts that 
deal with astronomical instruments, (i) The Clepsydra or Water clock is 
referred to in the Jyotisha Vedahga, where the amount of water that measures 
a nadika (=24 minutes) is given. The more ancient form of water clock 
appears to have been simply a vessel with a small orifice at the bottom, through 
which the water flowed out in a nddiJcd?, but later on there came into use the 
form described in the Surya, Siddhmta (XIII, 23): “ A copper vessel, with a 
hole in the bottom, set in a vessel of pure water, sinks sixty times in a 
day and night, and is an .accurate hemispherical instrument.” The Pcmchch 
siddhantiM description* (XIV, 32) is similar, but adds " Or else a nadika 
may be measured by the time in which sixty slokas, each consisting of sixty 
long syllables, can be read out.” 

A later description of the clepsydra is as follows: “ A copper vessel, weigh¬ 
ing 10 2 >alas, six aiigvlas in height and twice as much in breadth at the mouth 
—this vessel of the capacity of 60 palas of water, and hemispherical in form, 
is called a glw^i. The aforesaid copper vessel, bored with a needle made of 

mdshas^ of gold and 4 angulm long, gets filled in one nddikd.” 

In practice, no doubt, the dimensions of the bowl and the orifice were 
determined by experiment. Bhaskara (XI, 8) indeed says: “ See how often it 
is filled and falls to the bottom of the pail of water in which it is placed. 
Divide 60 ghafis of day and night by the quotient, and it will give the measure 
of the clepsydra.” 

(ii) The Gnomon.— The sun-dial described in the early treatises is of the 
simplest kind, consisting of a vertical rod, or gnomon, divided into 12 divisions. 
The descriptions are of a. theoretical nature, and do not apply so much to the 
construction of instruments as to theoretical calculations. The P<mch(fsidh&n- 
tikd (XIV, 14-16) instructions .sire: “ Mark from the centre three times the 
end of the gnomon’s shadow, and then describe two fish figures. Thereupon 
describe a circle, taking for radius a strmg that is fastened to the point in 

1 See page 63. 

2 It is the only instrument described in the Jin-i^Akbari (Ed. Jarrct III, 16). 

3 J. F. Fleet The Aneient Ifidian Wa:er Clock J.R.A.S,, 1916, pp. 213-230. 

^ Lal» CbLottee Lai’s Jyotisha Vedd^ga, p. 12. 

5 About 56 grains troy. Fleet quotes another rule, i^hioh gives tlie weight as a survarna («=16 7 /ideh<$s]i, and 
length 4 angulas^ drawn out round or square. Bhaskara simply says (XI, 8) it “ should Jiava a hole oored in its 
bottom."' 
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wMch. tlie two strings issuing from tlie teads of the fisli figuie"^ intersect,, 
and that is so long as to reach the three points marked. On the given day 
the shadow of the gnomon moves in that circle, and the base of the gnomon 
is the south-north line; and the interval, in the north direction, is the midday 
shadow.” (Ill, 1-7) This means, mark on any particular day the extremity 
of the shadow at three different times—and these three points are supposed 
to lie on a circle, the centre of which is found (in the usual way) by the' 
so-called fish figures.^ 

The Swrya Siddhanta directions (III, 1-7) are more elaborate but relate to 
exactly the same type of dial. They are as follows t— 

“ On a stony surface, made water level, or upon hard plaster, made 
level, there draw an even circle of a radius equal to any required 
number of digits of the gnomon. At its centre set up the gnomon 
of twelve digits of the measure fixed upon; and, where the 
extremity of its shadow touches the circle in the former and after 
parts of the day, there, fixing two points upon the circle, and 
fiallirpr them the forenoon and afternoon points, draw midway 
between them, by means of a fish figure, a north and south line. 
Midway between the north and south directions draw, by a fish 
figure, an east and west line: and, in like manner, also by the 
fish figures, between the four cardinal directions, draw the inter¬ 
mediate directions. Draw a circumscribing square, by means of 
the lines going out from the centre: by the digits of its base 
lines projected upon that, is any given shadow reckoned. The 
east and west line is called the prime vertical {sama-maftdala): 
it is likewise denominated the east and west hour circle {rmmaty 
data), and the equinoctial circle {visJiuvm mandala). Draw likewise 
an east and west line through the equinoctial shadow {vishuvad- 
iha) ; the interval between any given shadow and the line of the 
equinoctial shadow is denominated the measures of the amplitude 
{agra)” 

(iii) Armillary Sphere. —The Surya Siddhanta (XIII, 1-16) gives instructions 
for the making of an elaborate armillary sphere;— 

“ Let the teacher, for the instruction of the pupil . prepare the 

wonder working fabric of the terrestrial and stellar sphere {bhuhha 
gola). Having fashioned an earth-globe of wood, of the desired 
size, fix a staff, passing through the midst of it and protruding at 
either side for Meru; and likewise a couple of sustaining bands 
and the equinoctial circle; these are to be made with graduated 
divisions of degrees of the circle. Further, by means of the several 
day-radii, as adapted to the scale established for those other 
circles, and, by means of the degrees of declination and latitude 
marked ofi upon the latter, at their own respective distances in 

1 The ‘ fish figure ’ is the common part of two intersecting circles. 
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declination, according to tlie declination of Ariea, etc., three banda 
are to be prepared and fastened: these answer also inversely for 
Cancer, etc. In the same manner, three for Libra, etc., answering 
also inversdy for Capricorn, etc.: and, situated in the southern 
hemisphere, are to be made and fastened to the two band-suppor¬ 
ters. Those, likewise, of the asterisms situated in the southern and 
northern hemispheres, of Abhijit, of the Seven Sages (Sa<ptarshayas) 
of Agastya, of Brahma, etc., are to be fixed. Just in the midst 
of all the equinoctial band is fixed. Above the points of inter¬ 
section of that and the supporting bands are the two solstices 
(ayana) and the two equinoxes {vishuvat). From the place of the 
equinox, with the exact number of degrees, as proportioned to the 
whole circle, fix by oblique chords, the spaces of Aries and the 
rest; and so, likewise, another band, running obliquely from solstice 
to solstice, and called the circle of declination (kranti): upon that 
the sun constantly revolves giving light: the moon and the other 
planets, also by their own nodes, which are situated in the ecliptic 
(apa maijidMa), being drawn away from it, are beheld at the limit 
of their removal in latitude {rnhshepa) from the corresponding point 
of declination. The orient ecliptic point {lagm) is that of the 
orient horizon; the Occident point (astamgaoMat) is similarly deter¬ 
mined. The meridian ecliptic point (madkyama) is as calculated by 
the equivalents in right ascension {JanTcodayas), for mid heaven 
{Jiamadhya) above. The sine which is between the meridian and 
the horizon (ksMUja) is styled the day measure {antyd), and the 
sine of the sun’s ascensional distance {charadala) is to be recognised 
as the interval between the equator and the horizon. Having 
turned upward one’s own place, the circle of the horizon is midway 
of the sphere. As covered with a casing {mstra) and as left 
uncovered, it is the sphere surrounded by Lokaloka. By the appli¬ 
cation of water is made ascertainment of the revolution of time. 
One may construct a sphere instrument combined with quicksilver; 
this is a mystery, if plainly described it would be generally intel¬ 
ligible to the world. Therefore let the supreme sphere be con¬ 
structed according to the instruction of the preceptor. In each 
successive age, this construction having become lost, is by the 
sun’s favour again revealed to some one or other at his pleasure.” 
(iv) Other Instruments. —“ So also,” the text continues, “ one should 
construct instruments {yantrets) for the ascertainment of time. 
When qrute alone, one should apply quicksilver to the wonder 
causing mstrument.^ By the gnomon {iemku), staff (yashti) arc 
(dhanus), circle {chahra), instruments for taking the shadow of 

Bee tlie 8%ddMnta Sir(mav/i xi 50-51. The instrument appears to be apexpetual motion machine, whioh con¬ 
sists of a wheel with hollow (? tangential) spokes, whioh are filled with mercury. “ The wheel thus filled will, when 
placed on an axis supported by two posts, revolve of itself.” 
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various kinds . By water instruments, tke hemisphere 

{Icaj}cUa), etc., by the peacock, man, monkey, and by stringed sand 
receptacles, one may determine time accurately. Quicksilver-holes, 
water, and cords, ropes and oil and water, mercury, and sand are 

used in these: these applications, too, are difi&cult . So 

also a dial {imrayantra) is good in daytime, and when the sun 
is clear.” 

Such is the orthodox Hindu text relating to instruments. Nothing of 
material value appears to have been added to these instructions until the 

methods of the Ycmmas were introduced, by Mahendra Suri and others; but 

BhSskara claims to have invented an instrument called Phaxaka Yantra,^ 
which, he says, is an “ excellent instrument, calculated to remove always the 

darkness of ignorance and is the delight of clever astronomers.” This instru¬ 
ment is simply a board divided by horizontals into 90 equal parts. At the 
centre of the 30th graduation from the top, a pin, or style, is placed perpendi¬ 
cular to the board, and round it, a circle is drawn of radius =30 divisions, 
which is graduated in ghatis and degrees, and attached to the pin is an index 
arm (pattika). The instrument is suspended by a chain, and is used for obser¬ 
vational purposes. It is in fact part of a very simple astrolabe. Bhaskara did 
not seem very pleased with his instrument, for, he concludes (XI, 40) by 

saying “ But what does a man of genius want with instruments, about which 
numerous works have treated ? Let him only take a stafi in his hand, and 
look at any object along it, casting his eye from its end to the top. There 
is nothing of which he will not then tell: its altitude, dimensions, etc.” 

* Compare tlie * Balance Fiborarie ou Fezaire * desoiibed by Dhlambbb Aeironof/iie du Moym p. 521 . 
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CHAPTER IX. 

Mathematical astronomy.^ 

65. The following notes are the result of an attempt to summarise, with 
the aid of modern mathematical formulae, the more techuical poirtions of the 
classical Sanskrit astronomical texts. 

The texts dealt with are the ^ryahJiatiya (a.d. 498), the Pa'hoTuisiddihan- 
tilid (circa a.d. 560), the BraJimasphutasiddhavita (a.d. 628), and the later Surya 
SiddJia/nta (circa a.d. 1000 ). The period covered, it will be noticed, corresponds 
pretty closely with the period that was characterised by a remarkable rennais- 
sance of literature, art and science in India; and the following paragraphs indi¬ 
cate in a somewhat forcible manner, but, of course, only in part, the scope 
of intellectual activity in India in that early time. This summary may 
indeed, be looked upon as an aid to the study of a particular intellectual 
phase of that period; and this ancillary function has partly determined the form of 
presentation of the material. 

Spherical Tri&onometry. 

Although no formal spherical trigonometry is exhibited in any text, the- 
early Hindu astronomers were obviously acquainted with principles that enabled 
them to solve spherical triangles. This statement, however, requires some quali¬ 
fication. The Hindu school of mathematicians preferred to deal in lengths 
rather than angles; they had no geometry of angles; and their rules are in 
all cases stated as results without reference to the methods by which they 
were obtained, and these methods are consequently buried in obscurity. 
these ancient astronomers were chiefly interested in results it is possible, if we 
assume that they obtained these results from outside sources and were not 
interested in the mathematical principles involved, to conceive that they were 
not acquainted with those principles; but the assumption is rather a strain, 
as there are too many formulae based upon the spherical triangle to be ex'- 
plained away. We may therefore certainly say that traces of the principal 
formulae of spherical trigonometry are found in the Hindu texts. ^ On the 
other hand there occur indications which point to some lack of a knowledge 
of the mathematical principles involved, and we may certainly say that these 
principles were treated with a certain amount of indifference. In several of 
the astronomical rules summarised below there are then at least traces of the 
following rules of spherical trignonometry:— 

•(i) cos c = cos a cos 6 -f- sin a sin h cos 0 

(ii) sin A sin c = sin a sin C 

(iii) cos .4 sin c = cos a cos 6 — sin a cos 6 cos C 

where A, B, 0 are the angles of a spherical triangle, and a, 6, c are the 

corresponding opposite sides. 

1 This ohftptar first appsared in the Jcwnal of the Asiatic Society of Bengal, lOltf. 

See also A. v. BkaunmOhIi Vorlesmigen Hiber GescMeh/teder Trigonotneirie, p. 41. 
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The TTi<1ifl,-n astronomers employed the due function principally, and the 
versed sine (=1—cos a) occasionally; they never employed the tangent func¬ 
tion ; and generally, but not always, preferred to employ the sine of the com¬ 
plementary angle rather than the cosine function. 

In translating the Hindu rules into modern notation it must be borne in 
mind that the Hindu sine function is a length, not a ratio; and denoting the 
Paulina sine by sin P, the Aryabhata sine by sin A, the Brahmagupta sine 
by sin B the modern sine by sin a, where the arcs P, A, B and a are 
the same, we have 

^ = sin a 

pah 

a, p and 6 being the Aryabhata, Paulina and Brahmagupta radii, measured in 
different units. When actual values for the sines are given, which is very 
•seldom in the texts,^ we have 

sin P sin .4 sin P „ 

120 3438 3270 

66. It should also be borne in mind that the rules are always espressed 
fully in words, and that the more complicated formulae are built up in stages. 
Here is a fairly typical example * in which the stages are marked A, B, C, 
etc. 

“ (A) If the radius be multiplied by a given shadow and divided by the 
eorrespondmg hypotenuse, the result is the sine of the zenith distance. (B) 
The square-root of the difference of the square of that and the square of the 
radius is the sine of the altitude, (C) which multiplied by the radius and 
divided by the sine of the co-latitude gives the ‘ divisor.’ (D) Multiply the 
latter by the radius and divide by the radius of the diurnal circle and the 
quotient is the sine of the unnaia : (B) this, then, being subtracted from the 
day measure and the remainder turned into arc by means of the tables of 
veraed sines, the final result is the hour angle.” 

The operations indicated are: 

(A) sin z = rsjH, (B) sin (90* — z) = — A^, 

(C) rP / sin (90° — 9), (D) rG j rcos 3, where vcos S is the 

* radius of the diurnal drcle,’ (B) r -f- rtan 9 tanS — P, where r rtan9 
tan 8 is the ‘ day measure.’ 

This means 

versin ^ = r -f- r tan 9 tan 8 — O/cos 8 

= r r tan 9 tan 8 — rP/cos 8 cos 9 
= r -f- r tan 9 tan 8 — r cos z/cos 8 cos 9 
or cos h — cos z / cos 8 cos 9 — tan 9 tan 8 

when r = 1. 


^ The TaxdiSa SiSdMMa (PS.—^iv, 24) gives sin 24° =■ 48' 48", 'while ■the S«rya SiddMnta (ii, 28) gives sin 24° 
= 1897', the modem vaJne being 0-4067 approximately. Now -4067 x 120 = 48-904 and -4067 X 343: - 1393-2° 
JSee also § 54. 

* From the aSrya SiMh&ntOr—iii, 37-39. See -patagtaph 68(6) iv, below. 
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Definitions. 

67. (a) In figure 1 the horizon (kshitija) is represented by NE8, the equator {mhu- 
vadvfitta) by EQ, the pole is P, the zenith {dris) is Z, and FQR is the diurnal path of a 
star. The angle PON =ZOQ = 9 is the terrestrial latitude {aksha) of the place 0, the 
angle BOQ = 8 is the declination (hrdnti) of the star and the angle EOF = a, is its 



amplitude when on the horizom The circle PGE, passing through the pole and the east 
and west points, is the so-called ‘ six-hour circle ’ {unmcv^^la). 

Denoting the radius QO by r we have 

(i) RC — r cos 8 , the ‘ day radius ’ {dAnamjdsadcda) 

(ii) CD = r sin 8 tan 9, the ‘ earth sine ’ {ksMUjyd) 

(iii) sin — ODjOF = sin 8/cos 9 

(iv) RD =r cos 8 -4- r sin 8 tan 9 = r cos 8 (l + tan 9 tan 8) where r 

(1 + ^^an 9 tan 8) is termed the ‘ day measure ’ {antyS) 


z 



(v) sin QCF = ODjCF = CDfRG = r sin 8 tan 9/r cos 8 = tan 9 tan 8, and 
GCF = A a is termed the ‘ ascensional difference" icharajA 

^ At fiuxi-xise the hour angle JRCF » 90° + A a, consequently oos A sin Aa = * tan 9 tan $ 
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(&) In figure 2, NES is the horizon, NZMS is the meridian {yamyotta/rav- 
fiUa), QKE is the equator, ZE is the prime vertical {samnma'^^la) ; X is the- 
position of a star, and MXF is its diurnal path. The angle ZPX = ^ is the 
hour angle (woto), the arc N8H =a is the azimuth, ZXP is the parallactic 
angle, NXS is the so-called ‘ circle of position,’ and NXP = ^ is the akslia 
valana, or ‘ deflection due to latitude.’ 

(o) In flgure Z, Q r B represents the equator and C t L the ecliptic {apa- 
mo'^la). The point t is the so-called ‘first point of Aries.’ The sun moves 
along the ecliptic in the direction TdE. The cirele PXP' is a declination circle 
{hrmtivriUa) through the star Z, and EXK' is a circle of latitude {vUcshepa). 
In some Hindu texts ra instead of Td is termed the longitude of X, and 
Xa instead of Xd is termed the latitude. These are sometimes called the- 


p 



F>|. 3 . 

polar or false ’ longitude and latitude. The obliquity <■> = Zi t U is only 
indicated as the maximum declination of the sun, or LR, and is generally 
assumed to be 24 degrees. Denoting the trile longitude t d by X and the 
ialse longitude T a by X', and similarly the true I (dec) and false (oa;) latidudes 
by p and p, and the angle ^ ab by A, and noting that the angle of a ^ h 

= ©, and r 6 a = 90 ° and a,]:so '^'d c = 90 °rwe obtain from the spherical triangles 
yah and xda 

(i) tan A = cot «/oos X', (ii) sin 4 = sin P/sin P‘, 

(iii) sinX—X' = tan p/tan A. 

(d) In figure 4 , OA = g represents a vertical gnomon {ianlm), NOS and 
EOW are the north and south and east and "west fines through the base of 
the gnomon. It OF =e the equinoctial noon-day shadow {vishuvadha) for 
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northern latitude 9, then FG, parallel to OW, is the locus of the ec[uinootial 
shadow, and the line BO = s represents the shadow at a time when the sun’s 
declination is south. Draw BE parallel to NS and denote BG by A', then 
BE = A The line BE — s.sin 0 is termed the hhuja, BG = s.cosO the 
hoti, and BG ox A — s.sin 0 — e is termed the a^ra.^ The angle FAO = 9, 
and BAO = 2. 


Rules and problems. 

68. In this section we summarise the principal rules given in the 
siddhi.ntas. 


A 



; fi|. 4. 

(a) The gnomon. —^From figure 4 the • following are obtained:— 

(i) Angle GAO = »» + <p — 8 

(ii) „ FAO = 9 

(iii) tan 9 = OFjOA — ejg 

(iv) sin 2 = BOjBA - s/E 

(v) cos 2 = AOjBA = glE. 

(b) The hour angle, azimuth and zeniih distance. —^In the triangle XPZ in 
figure 2 we have ZP = 90 ° — 9, XP = 90 ° — 8, ZX = 2, ZPX = li and XZP 
= . 360 ° — a. From formulae i-iii in paragraph 66 we obtain 

(i) cos 2 = sin 9 sin 8 + cos 9 cos 8 cos h 

(ii) sin o sin 2 = — cos S sm A 

(iii) cos a sin 2 = cos 9 sin 8 — sin 9 cos 8 cos h 
and from these we get 

(iv) cos h = cos 2/cos 9 cos 8 — tan 9 tan. 8 

= {gjE cos 9 — sin 8 sin 9/cos 9)/cos 8 

(v) cos a — sin 8/sin 2 cos 9 — tan 9/tan 2. 

* A =«di (« sin 9 — e) vhea B is north, of EW (the positive sign to he taken when it is north of FQ). 
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At the moment of rising since z = 90 °, we have from (iv) 

(vi) cos % = —^tan 9 tan S 
or, if ^90° + A a we get 

(vii) ^ sin A a = tan 9 tan 8 

where A a is called the ascensional difierence {chara or Variable’i). 

(c) DedmcUion and longitude. —In figure 3 , if a is the position of a star 
on the ecliptic then T a is its longitude X, its declination S — db, and its maximum 
declination o = LR or L *• J2. Solving the right-angled triangle ^ db we have 

sin S = sin a TC 6 sin a ^ 

=sm (0 sin X 


{d) To find the zenith distance when the star is on the prime vertical .—If 
the star is on the prime vertical, that is at a in figure 2, then a = 270 ° 
and cos a = 0 and from (&) (i) and (iii) 

cos 2 = sin 8/ sin 9 = sin X sin ««>/sin 9. 

(e) The hovictsanhi.^ —^Again in figure 2, if 8 H — 45 ° then a = 180 ° + 45 
and cos a = —1/-\/2, and from the triangle XPZ or 6 (v) we get 
sin S = cos « sin 9 -j- sin z cos 9 cos a 


= cos 2: sin 9 — sin 2 cos 9j\/2 

or cos* 2 (2 tan* 9 + 1)— 4 tan 9 cos 2 sin 8/cos 9 2 sin* 8/ cos*9 — 1 - 0 . 

Substituting in this e/^ for tan 9 and sin Uo for sin8/cos9, and solving for cos2, 
we get 


cos z = 


ge sin u , 

?+// 2 =^ 


/g^ ih- si a’’ «o) 
V e * +^/2 


, {gejmaof 
^ (e* + >*/2)*- 


(/) The agrm.—Substituting sin a^ for sin 8/COS9, sjE for sin 2, and gjS for 
cos 2 in (6) (v), we get 

(i) s cos a -1- e = H sin Uo. 

For the point B in figure 4 we have 9 and z both positive, 8 negative (which 
makes sin ffo negative), a = 90 ° + BOH and cos a = — sin BOH. 
Consequently (i) becomes s sin BOH — e = H sin oso But sm BOH = 
BG-\-GH)lBO={A-\-e)(s and s sin BOH — e = A. Consequently 

(ii) kr=z H sin a^ := H sin 8/cos 9, 

where A is the gard —^which may be defined as the perpendicular from the 
extremity of the shadow to the equinoctial line. 

(gr) The dfihshepa. —The central ecliptic point, or point on the ecliptic that 
is 90 degrees from the horizon is termed the nonagesimal point^^or tribhona- 
lagna or viiribha, and the sine of its zenith distance (z,) is termed drikshepa^ 
and its cosine driggati. The rule for the dfikshepa or sin 2, is evolved thus ; 
In figure 6 where N ZT is the ecliptic, TC E the equator, EH 8 the horizon, 
ZM 8 the meridian and N the nonagesimal, we have H^ N =90 degrees 
H E =w and ^ ~ 90°.— qj. From the triangle HE we obtain sin 

HE sin ^EH== sin ^ sin H TB, or 


^ Of these only (ir) and (vii) appear explicitly in the tex ts. 
s S^rya SiddJianta iii, 34 . 
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(i) sin ai == sin Xj sin 9/cos 9, 

where a, denotes the amplitude of the rising sign or lagna (H) and h denotes 
its longitude (rjy). Also HE = SA, since E 8 = 90 ° and HA = 90 ° and there- 


z 



fore the angle MZN = cij. Now in the triangle ZMN we have MZN — cii 
ZN = . ZM = z, and the angle ZNM = 90 °; and consequently sin ZN 

= sin ZMN sin ZM, or sin = sin ZMNq sin z. If now ZMN be considered 
a plain triangle we have sin ZMN = cos MZN = cos Oj and finally 
(li) sin Ze = sin z cos Oj 

=^/ sin®a — sin% sin®a 
as given in the texts. 

(/i) The valana. —In figure 6, NE 8 is the horizon, CX the ecliptic, NXB 
is the circle of position of jf, P is the pole of the equator and K is the 
pole of the ecliptic; PX = 90 ° — 8 is the hour circle of X and XPZ = h 
is its hour angle, Z being the zenith; PiV = 9 and PK = ©. 


, 2 



According to the Pavlina siddhanta the valana or angle of position of the 
point X on the ecliptic is tie angle NXP = ?,* but later [siddhantas more 


^ A.pparently w ith reference to the use of the ‘ polar latitude ’ (see § 67c). 


M 
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correctly imply that it is the arigle NXK = ^ — x, that is, the angle between the 
circle of position and the circle of latitude, or, what is the same thing, the 
angle GXE' between a circle {XE') parallel to the prime vertical and the 
ecliptic. 

In the triangle PXK since KXP = x, PK = <a, KX = 90 ® and XP 
= 90 ® — 8, we have 

(i) sia X = sin PX sin ZZP/sin XP 
= sin <0 sin ( 90 ® + ^ )/cos 8 
and in the triangle NXP 

(ii) sin ^ = sin PNX sin 9/ cos 8, 

for which the text substitutes sin A sin 9/cos 8. The angle NXP = 5 is termed 
ahsJia mlana, or ‘ deflection due to latitude,’ and the angle x is termed dyana 
mlam, or ‘ deflection due to obliquity.’ 

{i) The dfihmm and ‘plcmetmy conjunctions. By some of the later Hindu 
astronomers the subject of planetary conjunctions is considered. Two planets 
are said to be in conjunction when they are m the same circle of 'position (that 
is on the same secondary to the prime vertical), and on such a circle the 



stars rise and set simultaneously. Unless, however, the circle of position coin¬ 
cide with a circle of latitude, the two stars cannot have the same true longi¬ 
tude, and it becomes necessary to find the longitude of the point of inter¬ 
section of the circle of position with the ecliptic, when the true longitude of 
the star is known. 

In figure 7 , x'a is a portion of the ecliptic, and aX and x'X are respect¬ 
ively the circle of latitude and the circle of position through the heavenly 
body at X. The problem is to find the longitude of x' when that of a is known. 

Let xoh be the day circle of the point a and x the point of intersection 
between this day circle and the circle of position, then the first step in the 
solution of the problem is to assume that ax is sufiiciently nearly equal to 
x'a for the purpose in hand. 
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Draw tlie decimation circles Paj, Pa, Ph tbxotigh. the poiats x, a, and X, 
the last cuttiag the day circle in 6, and denote the angles aPh and xPi by 
rpi and 

We have xa — ah, and it may be noted that at the solstices aX and 
aP coincide and ah disappears. The process of determining ah is therefore 
called aya/nadfiTmnrm ; while at the equator aX and Ph would coincide and 
then ccb would disappear and the process of determining 2:6 is termed ahshadfi- 
harma. 

(i) Ayanadfiharvm. —^The angle PaX between the circle of declination Pa 
and the circle of latitude aX is the ayanavalana (see (A)) and we have 

sin i|»i = sin aJC sin PaZ/sin PX 
= sin p sin x/cos S. 

(ii) AhsJiadfikarma. —The angle PxX is nearly equal to the akshavalana, 
and sin ojZ = sin &Z/sin Xah and hX = p', the polar latitude, so we 

have 

smrps = sin aiZ sin PxXjsm PX 

= sin p' sin ?/cos S sin Xah nearly, 

and at the horizon the angle Xah is equal to the colatitude of the place. 


The asoensionai- difebeenoe. 

69 . At the equator, where the horizon is at right angles to the equator, 
the apparent daily paths of the stars are circles at right angles to the horizon, 
and wo have right ascensions ; while at the poles the apparent paths are 

parallel to the horizon; but at any other latitude (9) they are inclined to 
the horizon and we have obUque ascensions. The Greek astronomers paid con¬ 
siderable attention to the relation between right and oblique ascensions and 
determined therefrom correct rules for the calculation of the len^h of the 
day, rules and tables connected with the rising sign or ascendant or horo¬ 
scope, culminating signs, and problems in which the sun’s declination and terres¬ 
trial latitude were involved. 

In figures 8 and 9 the horizon is represented by AG, the ecliptic by Or 
and the equator by Ar. The arc J.r is termed the ascensional equivalent 
of rO, the arc rA being that portion of the equator and rO that portion 
of the ecliptic that rise in the same period. At the equator CB coincides 



m; 2 
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with CA and rA = rB is the equivalent of rC in right ascension, or the 
right co-ascendant; for the latitude <p the equivalent in oblique ascension (or 
oblique co-ascendant) is tA, and AB is the ascensional diiference. 



In the triangles rABG we have rC = X or 360® — X, CB = 3, the angle 
ArC — (Oj.and the angle AGB = ?; and consequently 

(i) sin rB = sin a, = sin X cos ©/cos S 

(ii) sin AB = sin A a = tan <p tan S 

(iii) tA = flo = a, =F 

where a, denotes right ascensioiji, a® oblique ascension, and Acs ascensional difference. 

To calculate the time of rising of any particular sign we have 

(i^) tn = ®r(») i^n -l) 

where is expressed in degrees, and n refers to the sign according to 
the order given in tables 9 and 10 . 

The PavlUa Siddhdnta gives the ascensional differences in the form 20e, 
16 ^, 6e where e is the equinoctial noonday shadow. Brahmagupta similarly 
gives 19 e, 16 je, 6e. The only table of oblique ascensions appears to be the 
very rough one in Varaha Mhica’s Brihaj Jataka ; the later Surya Siddhdnta 
gives right ascensions, but none of the early Hindu texts appears to give 
correct tables for oblique ascensions or ascensional differences. The fairly accu¬ 
rate tables given in tables 9 and 10 are taken from Abu ‘Ali al-MarrakosM 
( 13 th century). 

70 . The lagna.—T he point of the ecliptic on the horizon (horoscope, 
ascendens) at any time is termed the lagna. Its determination may be ex¬ 
plained by an example. Suppose that 7 hours 17 minutes has elapsed since 
sunrise at a place whose latitude is 36 ®N., and that the longitude of the sun 
is 42 degrees. The table of oblique ascensions (table 9 ), converted into tirwA 
units, gives for latitude 36 ° 

= 1 "* 17 “, /a = !“> 31 “, % = 67 “, = 2 ** 21 “, «b = 2 ^ 28 “. 

, Since the sun has advanced 12 degrees into the second sign we have ffrst to 
find how much of t has not been used up. This is (1** 31 “) X ( 30 ° — I 2 °)/ 30 ° =65 
.minutes approximately. 
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Now 


7I1 17m „ ggm jh g7m ^ ^ 21“ -|- (2^ 4“). 

the last term being less than The time then corresponds 
in (Leo); and since 


to some point 


05/30 = ( 2 ’* 4 “)/( 2 ^ 28 “) 

gives X = 26 ° 8' the longitude of the lagna is approximately 4 signs 26 degrees 
8 minutes.^ 

71 . Length of day.— The difference between the length of the day and 
night is equivalent to four times the angle GGI in figure 1, when FGR represents 
the path of the sun. Now BiaQCF or sinAa has been shown (§ 6(a) v) 
to be equal to tan<p tanS. The length of the day in hours is therefore 
( 180 ° + 2 Aa )/16 and in ghatis it is ( 180 ° + 2 A a)/6 where sinAa= tan^Q 
tanS, and for the longest day sinAa = tan? tanco.t. This rule is given 
by Paulisa (P.S. iii, 11) and Brahmagupta, and Aryabhata (G 19 ) notes the 
connexion with the ‘ six hour circle.’® 

No tables of the lengths of days are given in the early Hindu texts: the 
following is taken from Abu ‘AJi al-Marrakoshi. 


Loiigest days jor different latitudes. 
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The planets. 

72 . All the planets, including the sun and moon, are supposed to have 
the same absolute daily motion of about 12,000 yojanas. The orbit of the 
moon being known, the orbits of the other planets are found by {orbit of moon) 
X R,„/Rp, where R„, and R^ are the revolutions in a cycle of the moon and 
the planet respectively. Whether the elements for the moon were obtained 
from parallax observations or not is uncertain, but there is no direct evidence 


^ Thcon (o. A.D. 380) oaloulatod the lagna or ‘ horoscope ’ in the same way, but with reference to temporojy howt. 
Apparently the Hindus did not at any time employ ‘ temporary ’ mvMrtas or ghafis, but see AUHrSni {India i, 
338), who discusses this interesting topic. 

t In modem notation cos A ea — tan 9 tan S where 2A/15 is the length of the day in hours. 

® The Jyotiaha Ved&<hga rule is:— 

l&n^th of day ^ 12 ±.2 (183 — »)/61 muhurtas 

where n is the number of days counting from a solstice. The longest day is therefore 18 muhiirtas ^ 14 hours 24 
minutes, the shortest day is 12 muhiirtas == 9 hours 36 minutes, and the daily increase is 2/61 muhiirtas « 1 minute 
34 seconds. The Paii&maha SiddMnta gives 1691 palas ( = 10 hours 36 minutes 24 seconds) for the shortest day 
and 3 palas for the daily increase. 
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of suet observations. Tte following table is based on the elements of the later 
Smya SiddMtUa :— 



A 

CEBITS. 

B 

SlDEBEAL 

Pbbiods. 

A-^B 

MBAur Daily 
Motion. 


Yojanas. 

Days. 

Yojanas. 

Mooisr ^. 

324,000 

27-321674 

11,858-7 

Mhbotjet. 

1,043,209 

87-969702 

11,858-7 

Ventis. 

2,664,637 

224-608568 

11,858-7 

Sto. 

4,331,500 

365*268766 

11,868-7 

Mabs. 

8,146,909 

686*997494 

11,858-7 

Jvnrm . 

61,375,764 

4,332-320662 

11,868-7 

Sattoh. 

127,668,256 

10,766-773075 

11,858-7 


The diameters of the planets other than the sun and moon are generally given 
in terms of that of the moon. There is little agreement as to the values, 
some of which are diown in table 4. 


The mean motions. of the planets are shown in the form of the number 
of revolutions in a yuga or cycle. For example,® Aryabhata gives the sidereal 


revolutions in 
Sttn . 

4,320,000 years as 

4,320,000 

Meeourt . 

. 17,937,920 

Moon . 

. 57,753,339 

Jupiter 

364,224 

Mass . 

... 2,296,824 

Venus 

7,022,388 


Saturn . 

. 146,564 



Since at the beginning of the Kaliyuga {i.e., sunrise at. Ujiain, 18th February, 
3102 B.C.), or at the begin n in g of the Kalpa, all the planets were supposed to 
be in conjunction, the finding of the mean place at any particular time is 
not a difficult matter. If t be the time elapsed from the epoch, then having 
reduced t to savana days, d {i.e., having calculated the ahargarjM) the position 
is obtained by dRjY.*^ 


There is no indication as to the means by which the revolutions {R) given 
were obtained. They first appear in the texts in a fairly accurate form and 
their appearance coincides with the introduction of the larger cycles—^whioh, indeed, 
were introduced in order to express the planetary revolutions in integral quantities. 

73. Synodic revolutions.— ^The synodic revolutions are not usually given 
in the texts, but they occur in a somewhat disguised form in the Pcmchasid- 
dJidntiM (Oh. xviii). If P, is the synodic period of a planet and P* is 
its sidereal period and P is the sidereal year we have 


^ Xha eaity Einda astronomers -were, of course, veil aware of the natural order of the planets, but usua llr thev 
place them in the ‘week-day order.* ^ ^ 

* For other values see table 5. 

Y 

H ^is the penod (P) of the planet, but the Hindus did not genially utUise this ratio as a aingTa 
aowerer. the PanohasiddhSnlika, Ch. XVL 
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where the upper sign is to be taken for a superior and the lower for an 
inferior planet; and since P* = YE jit we have P^ = YEj ± — 5) which 
IS the rule implied by Varaha Mihira. His synodic revolutions are given in 
saura days as follows :— 

Mars. Meroiiry. Jupiter. Venus. Saturn. 

768| 114^ 393^ 576^ 372| saura days, 

and since 360 saura days = 365‘266 mean solar days approximately these 
values become 

Mars. Meronry. Jupiter. Venus. Saturn. 

780 116-9 398-8 683-9 378 days. 

74. Epicycles. —The calculated mean positions of the planets were corrected 
for the so-called ‘ first inequality ’ (that one, namely, which depends on the 
planet’s position relative to the sun), in the Greek fashion, by assuming certain 
epicyclic motions. The Greek astronomers taught that, while the planet’s mean 
motion could be represented as a movement on the circumference of one circle,, 
called the deferent, its actual motion was on the circumference of another circle, 
called the epicycle, whose centre was the mean position on the oiroumference 
of the deferent. This is the scheme in broad outline only; it was- apparently 
based on the principle that the motions of a heavenly body must be made up 
of pure circular motions—a principle that does not appear to have influenced 
the Hindus. 



f5^. KX 

In figure 10 the epicyclic inotion of an outer planet of the type of Mars 
is roughly represented. The point E represents the position of the earth, the 
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circle Ao Ai Ag , etc., is the deferent, and the circle pi -Bi is the epicycle when 
the mean position of the planet is at Ai. The epicycle is not drawn for other 
mean positions, but its radius is marked (A 2 B 29 As ©tc.). The points 

Ao, Ai, As, etc., mark the mean position on the deferent at intervals of 30 
degrees, the corresponding positions on the epicycle being Bq, Bs, etc. The 
period of revolution of A on the deferent is the sidereal period (P*) of the 

planet, and the period of revolution of B on the circumference of the epicycle 

is the sidereal year (E). At EAq Bo the earth, sun and planet are in line: 

the point B moves from Bq to Bi while the point A moves from Aq to Ai 
and we have 


2 o 17^ ^ 

From Bi to Bg the planet retrogrades and the angle of retrogression is in the 
hgnre approximately 26 degrees. The stationary points are determined (fig. lOo) by 
BitjEB {velocity in deferent) {{velocity in epicycle) =ujv.f 

If So Si Si, etc., represents the orbit of the sun, (fig. 10a) then BoSo> 5aSs, 

etc., represent the distance of the planet from the sun, and, since BS is, with 
the superior planets,® always parallel to AB (because the period of 5 is the 
same as that of S, namely the sidereal year), BS is always equal to BA. 

The planet is nearest the earth when in opposition and furthest away 
when in conjunction. 

The superior and inferior planets require different treatment with reference 
to the relative motions in the deferent and epicycle. If the anomaly (that is 
the motion in the epicycle) be reckoned in the more modern way from the 
radius Ai hi always parallel to the original direction Bo, then the following 
scheme holds ®:— 




tSee § 76i-. 10(o). 

*ror Mercury and Venus the centre of the epicycle is'on the line jointing to the mean place of the sun, 

sinc 0 in these cases th.e']f eriod of A is the same as that of S, 


»In fig. 10 what may be termed the ‘ modem anomaly ’ is v + u, while the ‘ ancient anomaly' is »; and, 
gince for a s’jr erior planet. 

, I lis = 1/p, + 1/p, or (P, + p^yp, = p^B; 
and also (m + v'Ju = P»/j®, 'we navee^w = P*'P«. Similarly for an inner planet, as 

^ ^ and '«■+ ” — •*’ ™ n _ E 


E P* 


* and'«X. 

P. « 


_ Ji/ , » Hi 
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/i’/Jo, EA\, etc., tliat is from tJie apogee of th.e epicycle, aud consequently the 
periods were- 


Anciknt way 


fSaperior planets 
(_Infetior „ 


On the deferent. 

[ On the epicycle. 

Sidereal period of 

Synodic period of 

planet. 

planet. 

Sidereal year. 

Synodic period of 


planet. 


76. 1’hk Hindu scheme.— The general explanation of the disturbing causes- 
of the planetary motions is, in the words of the Surya Siddhanta (ii, 1—4), 
as follows 


“ Fornis of time, of invisible shape, stationed in the zodiac, called. 
^^rocJtcha, nMndocficha and 'pata, are causes of the motions of the planets. The 
planets attached to these beings by cords of air are drawn away by 
them with the. right hand and left hand, forward and backward according to 
nearness towards their own place. A wind, moreover, called ‘pravaha, impels 
tlumi towards their own points; being drawn away forward or backward they 
pro(‘e.ed by a varying motion. The so-called ttcholm, when in the half orbit 
in front of the planet, draws the planet forward: in like manner, when in the 
half orbit being the planet, it draws it backward.” The term rmvdochcha, or 
‘ apex of slowest motion,’ corresponds to the term aphelion, while the term 
^zghrocJicha, or ‘ apex of swiftest motion,’ corresponds to the term conjunctio'nA 
In the earlier siddhSntas the line of apsides appears to have been considered 
as fixed, but later a definite motion was given—^possibly on the analogy o£ 
the motion of the moon’s line of apsides; but on what principle the actual 
values given were obtained is not indicated. For the positions of apogee or aphelion 
the following longitudes are given ®:— 



Sun. 

Mara. 

Mercury. 

Jupiter. VentH. Saturn. 

Pahobasidd haatika. 

. 

110“ 

220° 

160° 80“ 240“ 

Biabniaspbutasiddlianta 

. 

127“ 

227“ 

170“ 90“ 252“ 

BQrya Biddhauta 

■ 77 

130“ 

220° 

171° 80“ 237“ 

aiui the following are 

the revolutions given to 

the lines of apsides in 

4 , 320 , 000,000 years 


Wun. 

Moou. 

Mars. 

Mercury. Jupiter. Vonu*. oatum. 

Brahmagupta . 

480 

488,105,a58 

292 

382 855 653 41 

Burya Siddliauta 

387 

488,203,000 

204 

368 900 535 39 

For Saturn the motion of 

aphelion amounts to 

about one minute of arc 

in five thousand years! 

The Pmclmiddhaniilta says- 

-“The Sun 

is the 

so-called and iu 


the Hindu system, as in the Greek, • the revolution of the conjunction of an 
inferior planet takes the place of the actual revolution of the planet itself:® 

1 ‘ Superior conjunction ’ is meant. 

^ Aryabhata gives 78" for the apogee of the sun. Barth, assuming that this was the result ot direct observation, 
attomptod to estimate therefrom the date of Aryabhata’s astronomy. 

8 A ir©volution was considered complete only when the planet had passed through the whole zodiac: this Venue 
and Mercury are only able to accomplish as they accompany the sun in its apparent a nn u a l motion* 

K 
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75 (ffl). The two epicycles. —Tie Hindu scieme differs cousideraily in detail, from 
tiat of Ptolemy. Tie object appears to iave been tie attainment of tie 
correct apparent position of tie planet without reference to tie representation 
of its actual motion. As far as information is available we gather tiat tie 
planet was regarded as actually moving in tie deferent, and tiat tie system 
of epicycles was solely for tie purpose of ascertaining tie apparent position 
in tie deferent at any time. 

Tie Hindu system involves tie use of two different and independent epi¬ 
cycles for each planet (except tie sun and moon) and four sets of calcula¬ 
tions, and tie epicycles, at least in the later works, vary in dimensions with 
reference to their positions on tie deferent. In tie Swyci Siddihd'nitd these epi¬ 
cycles are termed moMda 'paridhi) or ‘ epicycle of tie apsis, and sigJvra paridhi, 
■or ‘ epicycle of conjunction ’ and tieir dimensions as given in tiat work are 
as follows^ :— 


Dimensions of Epicycles. 



Ciroumferenoe of manda paridM 
= E. 

Ciroumforonoo of 

Slghra paridhi 

Anomaly 

0“ or 180*. 

Anomaly 

90° or 270^. 

Anomaly 

0° or 18(r. 

Anomaly 

90“ or 270*. 

Sun. 

14° 0' 

13° 40' 

.... 

.... 

Moon. 

32“ 0' 

o 

1—1 
CO 

.... 

.... 

Mabs. 

76“ 0' 

72° 0' 

236° 0' 

232° ' 

Mbeouby . 

30° 0' 

28° 0' 

133° 0' 

132° 0' 

• JUBITBB • a • a ■ ■ 

33° 0' 

o 

o 

CO 

70° 0' 

72° 0' 

Venus . 

12° 0' 

11° 0' 

262° 0' 

260° 0' 

•Satubn . 

49° 0' 

48° 0' 

39° 0' 

40° 0' 


Tie change in tie dimension of tie epicycle is proportional to the sine 
of tie anomaly. If AE is tie difference as given in tie table and 6 tie 
anomaly then tie dimension at 6 is given by .B — A jB.sin0, or, if tie Hindu 
sine function is used, by jB — AE.amQjr. This result is based upon tie 
proportion. 

X _ s in 6 
AE ~ sin 9^0° 

where x is tie diminution at 6. If 

e. 360° = E — AE sin B, oi E — -^^in 9 

r 

we may term ‘ e ’ tie reduced epicycle. 

But E and e360° are only apparent dimensions, and tie change is probably 
due to a supposed change in tie distance from tie centre of tie deferent to 


1 Brahmagupta gives: Sun 14' to 13“ 40'; Moon 36“ 31' to 30“ 44'. 
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the centre of the epicycle, and is connected with the ‘ second inequality.’—due 
to the excentricity of the orbits.^ 

The values of E are for the circumference of the epicycle in terms of the 
circumference of the deferent. For example the value 72 for Mars means that 
t he cicoumferenoe of epicycle _ 72 _ 1 
the circumference of deferent 360 ~ 5 
or Tfjrg =1/6 where is the radius of the epicycle and is the radius 
of the deferent. We shall denote by or according as the epicycle of the 
apsis or the epicycle of conjunction is employed. 

76. The equation op the centre. —The processes involved in determining 
the equation of the centre are generally four. If X denotes the mean position 
of the planet then the first correction gives Xj = X + ei/2 where is the 
equation arrived at by employing the epicycle of conjunction; the second correc¬ 
tion gives Xa = Xj -1- S3/2 where sj is the equation derived by employing the epicycle of 
the apsis ;X 8 = X 4 - Sj where again, the epicycle of the apsis is employed; and finally 
Xi = X.) + S 4 where the epicycle of conjunction is again employed. 

The calculations may be summarised thus:— 

, , . «c- sill Vo 

(i) X, = X + where = + 2e.. cos e. + 1 



(ii) Xg = Xi -|- ei /2 

„ siu 62 = 

Ba. sin Vi 


(iii) Xj = X + s. 

„ sin 63 = 

e„. sin Vi 




e.. sin Vi 


(iv) Xi = Xj, -t- 64 

” -j- 2ec. cos Vi -f- i 

where 

Vo = K — ^; ^.1 

= — 

1 

II 


and Vi — Xa; and consequently 

Vi = t?o — ®s and Vi = Vi — ea/2. 

The calculations according to the PatkJiasiddlmitikd (ch. xvii) may be 
expressed in the following form. The later texts give rather more complicated 
but not essentially different rules, of which a specimen will be exhibited in due course. 


i. 

ii. 

iii. 

1 

IV. 

“ fie sin .. 

Og = e-a sin Vi 

s= sin 

=z ce sin az . 

61 = fie cos V . 



hjy = Cfl cos vz. 

Cj = (ra + />i)® » 



C4 =5 ya;** -f (ra r . 

gj = sin-1 ^ 

Cjj = sin“i Ug 

83 = sin'll 

S4 = sLn-i a.! ra / C4. 

= X -f- ei/2 .... 

Xjj « Xj "f" s/2 

X3 = X 4 " S 3 

X4 == Xj + S4. 


^ The term ‘ oval ’ lias been applied to tlio opicyolo in this connexion but is not altogether ax^propriate. 

Thoorotioally, at least, the origin of the cliange in dimension of the epicycle is known. In the case of the moon 
the effect of the second inequality was always to increase the absolute value of the first one, particularly in the 
quadratures. “ The obvious inference was,” writes J. L. E. Debymr (Planetary Systems, p. 193), “ that the radius 
of the epicycle appeared to be of variable length, greater in quadrature than in syzygy.” But Ptolemy mad© the 
centre of the epicycle move on an cxcontric so that its distance from the earth varied and consequently so did the 
apparent dimensions of the epicycle. The excentric appears comparatively late in India. See the SiddMnia 
Siromam, O. v. TL 

* ^ ^ ifV 
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The Hindu method as applied to a superior planet is illustrated in figure 
10 . The period of the epicycle is the synodic period of the planet (reckoning 
in the Greek fashion always from EA) and that of the deferent is the sidereal 
period of the planet. We have 

A, EA, j MA: B, =^P,IP^ or “ =|?. 

V 

The problem is to calculate s—BJEA,. The fine BiM=a is perpendicular to 
EA, while A,M=l. Now EM^ + = EB,^ 


or 


(*■<* + ^a^^EB^ and^ = sin s; 


■but b = ■>•«. cos V and a = r,. sin v, therefore 

(i) sin s = ^ 


V + r, cos rf. 
e . sin u ' 


sin®v 


A simpler formula is 

(ii) tan s: 


x/1 4 - + 2 e . cos V 


where e = ■ 


r,i 


B,M 

^EM' 


r.. sm V 


r,i + »■« cos V 


sin V 


e. sin 

- 

1 + e. cos 1 } 1 'e + cos v ’ 


but the Hindus, like the Greeks, did not employ the tangent function. 

The maximum value of s occurs when EB is a tangent to the epicycle, 
that is when AB is at right angles to EB ; and then sin .i;= 9 o“+g,i 

76(a). The following calculation for the equation of the centre of Venus is 
based upon the later Swya Siddhanta elements ^:— 


Given mean iongittide 
Longitude of conjunction , 
Longitude of apsis . 
Epicycle of conjunction . 

Epicycle ol apsis 


The elation of the centre for Venus. 

. 8* 18“ 13'. 

• • • - 10* 21® 60: anomaly w=2* 3® 37', 

• • • • 2* 19® 52': anomaly'4;'= 6' 18° 36'. 

. . . . E„ varies from 260“ to 262“. Diffcacneo A*’, -2''. 

Reduced opioyole sm«) /.360 r. 

. E. varies from 11“ to 12“. Differeuoo AA’„=1“. Reduced 

AVN'fAvrrkiA A A. 77T 



i. 

Eor equation of 
conjunction. 

ii. 

Por equation of 
apsis. 

iii. 

Por equation of 
apsis. 

iv. 

Por equation of 
conjunction. 

Longitude. 

Anomaly. 

Bin . 

>.= 8* 18“ 13' 

0 = 2* 3“ 37' 

sin V = 3080' 

\ == 9* 1“ 17' 

®i' 6' 18“ 36' 

sin Vi'= 689' 

>2 = 9' 1“ 28' 

a,' = 5' 18“ 24' 

sin Oj'= 691' 

> 3 = 8 ' 18“ 36' 

®s = 2* 3“ 14' 

1 sin = 3069' 



tan ©- 


e cos t 


i —6 iin c 
of wMoh a solution is sin e=« e. 
•See JA0J5., 1868, 213/. 


or sin e= e (1 —sin»e )/(l ~e sin e) 
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i. 

For equation of 
conjunction. 

ii 

For equation of 
apsis. 

iii. 

For equation of 
apsis. 

iv. 

For equation of 
. conjunction. 

COH .... 



COB V = 1527 ' 

oos v/ = 3369' 

oos v/ =3368 

oos Vs= 1648' 

Corrodtcfl opicyolc e . 



Ce = *723 

e = 0328 

e = *0328 

e == -723 

a f! sill 2; 



o, =• 2226' 

aj =. 22-3' 

as = 22-6' 

= 2218' 

b e cos V , 



6, = 1104' 

62 = 110' 

63 =110-4' 

64 =1119' 

c »= y/fi?. ^ ^ 



Cl = 6038' 

Cg = 3548' 

Cs = 3468' 

c, = 5067' 

sin—1 ar / c ae. 



Si « 26° 7' 

eg =0°22' 

63 = 0® 23' 

©4 =26® 59' 

Corrected longitude . 

• 

• 

X +^=9*1“ 17' 

Xg+ '^ = 9*1° 28' 

X+ej =8' 18® 36' 

X3+e4=9' 14® 35' 


Tho prowHH, it will ho soon, is tho same as that of the Pafiohasiddhantika except that variable epioyeleg 
have boon introduced. 


The only process required in the cases of the sun and moon is the ‘ correction for the 
apsis,’ which may be represented by tan s= (e sin v)/{l + e cos v). The early tests 
give tabular results by means of which the calculations may, to some extent, be avoid¬ 
ed. 'riiese, however, are not vejy complete and are not altogether in agreement.^ 
UetmjnmUm. —In hguro .10 (a) if li^ or B’^' {—r. A y orr. A y') is the arc on 
the ejiitycle passed over in time A t, r being the radius of the epicycle, and v CAB 
or CAB' being the anomaly, then if J5p is small, the angle i5py) = ABB' and P 7 )= B^ 
cos ABB'. But pH] 'A'/l — oca'/12 where B is the radius of the deferent, therefore 

pvj/JS'JS = R. cos ABB' 



1 According to Jacobi and Sewell (Bpigraj^hia Indica, i, 441 and adv. If)) eiji® ■» e sin v wheTe e is xne ^ reduced 
epicycle ’ (§ 75a) is generally employed. 
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If oc^a is e(jiial and opposite to the motion in the deferent, that is if 

then-^ = 

and jB is a ‘station’ of the planet and 2 AEB is the angle of retrogression. 
Instead of Bn the 8mya SiddhciMa gives ‘ the difierence between the hypotenuse ■ 
and the radius,’ that is iJ — EB or EB' — R. 

The text then gives the angles ABE for the stationary points B as 
follows:— 

Mars. Mercury. Jupiter. Venus. Saturn. 

16 36 50 17 65 

from which the angles of retrogression AEB may easily be calculated if r / JK 
be known. The Hindu texts do not give this value definitely, but it is approxi¬ 
mately e, calculated for the epicycle of ‘ conjunction.’ 

77 . Latitude. —The node, Rahu, is said to cause the deviation of the 
planets in latitude (SS. ii, 6). The later rule for latitude given is 

a _ P' sin AX 
r jr' 

where p’ is the TUflyimmin deviation as seen from the earth at its mean dis¬ 
tance, r is the true distance of the planet from the. earth, and r' is its mean 
distance, and AX is the distance of the planet from its node. The deviations 
are given as follows:— 



Moon. 

Mars. 

Mercury. 

Jupiter. 

Venus. 

Saturn. 

PafLohasiddhautika 

b 

1“ 41' 

2 ® 16' 

*-• 

o 

2 ® 16' 

2 “ 16' 

Surya Siddhanta . 

o 

CO 

O 

1 ® 30' 

b 

o 

1 ® 0' 

o 

o 

2 “ 0' 


Parallax. 

78. In works of the earlier period there is no reference to parallax and 
there is no real attempt to measure the distances of the sun, moon and other 
planets; while in later works the subject of parallax occurs only in connexion 
with eclipses. The later Surya Siddhanta treats of parallax in longitude Qmrija, 
Gk. opi^ccv), and parallax in latitude {avanati, ‘ depression ’): it states that 
there is no solar parallax in latitude when the ecliptic is a vertical circle, and 
also that there is no parallax of the sun in longitude when that planet is in 
the meridian. This latter statement is not true, as Whitney points out,^ unless 
the ecHptic is also bisected by the meridian. (See §68 {g)). 

The horizontal parallax of the sun or moon is assumed to be equal to the 
motion of the planet during four nddikds, or one-fifteenth part of a day. We 
thus have 

7t = {daily motion of s?/w)/l5=6,/15 for the horizontal paraUax of the sun, 

Ttf am {daily motion of moon)I15=:Q„/15 for the horizontal parallax of the moon. 


■' JAON.,—1868, p. 286. 
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wiiere 0 is the angular motion of the planet during the day.^ Since 0 = sjr 
nearly, where r is the radius of the orbit and s is the arc traversed in one 
day and since, in the Indian system, s is constant for all planets and is equal 
to 12000 yojanas,® we have s/15 =800 yojanas, which is the Hindu value of 
the earth’s radius; and tc becomes equal to sjl5r = p/r which is approxi¬ 
mately true when r is great compared with p. 

Sometimes the difference between the parallax of the sun and moon is 
given. Thus the parallax in latitude is given in forms that may be expressed by 

~ ~ ®*) 2..)/15 “49' (sin Ze)!r 

= (sin 2!,)/70 

where sin Ze is the drikslhepa (see page 76). 

The rule for parallax in longitude may be expressed by 

=: TC cos z^ sin ^ 

where X is the longitude of the star and X^ is the longitude of the nonagesi* 
nial.* 

The Hindu rules for parallax may then be summarised thus: 

(i) Horizontal parallax tc = 0/15 

(ii) Parallax in latitude = tc sin 

(iii) Parallax in longitude ’ n ^=. cos sin X^— y . 
while the corresponding approximately correct formulae are 

(i) sin 71= p/y 

(ii) Ttp = 77 sin P;. sin (y — p)/ 8 in y 

(iii) TCj^ = 77 cos sin (X^ — X)/oos p 

where X and p are the star’s geocentric longitude and latitude, and X, and p^ are 
the longitude and latitude of the zenith, and 

tan Y = tan Pj/cos (x* — X). 

We then have 

(i) 0/15=p/y nearly ; 

(ii) 77 sin z„ = 77 sin p, sin (y—P)/ sinY; 

and (iii) 77 cos z„ sin (Xy—^X') = tc cos p^ sin (X^ — ^X)/oos p ; 

and as p is generally considered negligible in these Hindu calculations we have 

Zf = Pj and sin (Xy— ^X') = sin (>* — X) 

where X' is the apparent longitude; and as a matter of fact the zenith distance 
(z.) of the nonagesimal is equal to the latitude of the zenith (p*), and the longitudes 
of the zenith (X.) and the nonagesimal (Xy) are the same. 

Lunar eclipses. 

79. Diameter op the shadow.—I n figure 11 we have 

(i) the angle TEM = PTE — POE = PTE — Q'E8 = PTE — {QES — QEQ^) 


^ Tho moan values of the daily motion usually given are; moon 13® 10^ 34^ ; sun 69' 8^, •which make Tu'n* ^2*7 
and 7t= 3*9 ; but the texts give no actual parallax values explicitly. The JSurya 8iddMnla im.'pliQQ 63'3' 
and 7c' — 7u ~ 49'. 

® The SUrya SiddMnta value is 11,858*7 yojanas. 

^ In tho texts the meridian ecliptic point is sometimes substituted for the nonagesimal point. 
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where S, E, and M are the centres of the sun, earth and moon respectively, 
EP and SQ are perpendiculars to OPQ, TM is 




Fif. 12.- 

perpendicular to OS, and EQ' is parallel to PQ. If R^, R,„, R„ ft, denote the 
radii of the shadow, the moon, the earth and the sun respectively, and if 
and r, denote the distances of the centres of the moon and sun from the 
centre of the earth, then, since the angles are all small, we obtain from (i) 

(ii) ft, = ft, — ft, (ft,/ft, — 1) rjr,. 

The Paulina Siddhcmta simply assumes that ft,= 38'; the old Sm^ya Siddkmta 
gives the rule in the form 

2ft, = 36' — 36' ^14^^ 
r,l 276 

whicy is obtained from (ii) by mfl,lnng 

ft, = 18' and ft, = 73*2'; 

while the modern Surya Siddha/nia gives it thus— 

— -^e (-^m/ft,) ft* Wl, (ft„,/ft,) 

where and m, are the ratios of the true daily motions to the mean daily 
motions of the moon and sun respectively. This rule implies two assumptions, 
neither of which is strictly accurate ; (a) that the ratio of the true daily motion 
to the mean daily motion is equal to the ratio of the mean distance to the 
true distance; ( 6 ) that ft„ / ft,= r,, / r„ which implies that the mean apparent 
values of the diameters of the sun and moon are equal. 

Duration. ^In figure 12 let M be the centre of the moon when about to 
enter the shadow, C the centre of the shadow whose radius is ft, ; let AN 
be the ecliptic and MN the moon’s path. If v is the velocity with which the' 
moon travels from M to M' then the duration of the eclipse is 

(iii) t = 2MM'Iv =^^V(ft7± ft,:)^^P« 

> Here the values axe in lengths and the corresponding value of the moon’s orbit would be 

324000 

800 -i-18 “ 1®*® '^)- 

To reduce to minutes of axo we must therefore multiply by 360 y 60 7290. 
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wiere p is the moon’s latitude at the time of opposition, and there are 
60 nadikSs in a day 

Fox the time between the first and last moments of internal contact we 
have 

(iv) « = B — 

The PavliSa Si&Aha/nia gives irule (iv) in the form 

2 21 

V • (101—(6—AX) ) 

Since p/240' = sin AX/sin 90®, 

where 240' is the moon’s greatest latitude, and Ax is the difEerence in longi¬ 
tude between the moon and its node; and since 

• sin Ax / sin 10° = AX /10, 

nearly, where 10° is the linait from the node for a total eclipse; we have 

P=240'X 21X AX/10 X 120=21 AX/5, 

where 21' is the sine of 10 degrees and 120' is the sine of 90 degrees accord¬ 
ing to the Pa/idiSa Siddha/nia tables (see table 11). We now have 

t= =||V(5-ix)(lO- (6-Ax)). 

These rales appear to ignore the variation in latitude that takes place, but the 
Suryct Siddhanta directs us to fi.nd the value of the moon’s latitude at first 
contact from the value of t, to substitute this value and repeat the process 
tin i is constant: that is, as we know the longitude of the moon at the time 
of first contact, we calculate the latitude and substitute the value so obtained 
and repeat the process until the results no longer difEer. 

80. SoLAB ECLIPSES. —^Apart from the preliminary calculations involving 
parallax very little is given about solar eclipses. The PauliSa SiddhcMa gives 
the time of duration as 

t = i v'64 - AX* 

which appears to be obtained from the usual rale - yjR, + ; for p„=|-A X 

V 2 

approximately, and ^ z=z 36', and v = 720/60 is the difference between the 
mean motions of the moon and sun in a nadika. 

81. The pkojeotion of eclipses. —'' Since, without a projection (chedyaha)^ 
the precise difference between two eclipses are not understood, I shall proceed to ex¬ 
plain the exalted doctrine of the projection,’’ writes the author of the Surya Siddhanta*^ 

In figure 6 let X be the position of the moon at the moment of oppo¬ 
sition, then NXS is the circle of position and marks the north and south direc¬ 
tion with reference to the moon, while the circle XE' at right angles to NXS 

t The time rules (iii) and iv) may be obtained direct from the modern rule 

® (P — bt)^ + —tf)* t 

where h is the rate of the moon’s motion in latitude, and m and s are the rates of the sun’s motion in longitude, by 
making a ~Eo db and solving for U 

Formulae (iii) and (iv) neglect ht but the SUrya Siddh&nfa rule is an attempt to account for this term, 

* For the Greek treatment of this topic see the Almagest, VT, xi-xiii. 0 
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marks the east and west direction. The angle NXP = CXE' is the valam, 
which gives the directions of the ecliptic with reference to the ‘ circle of posi¬ 
tion’ and the. east and west line {XE'). 

In figure 13 the centre of the moon at opposition is at M and Mn 
{=16') is its radius. The circle of position is represented by NS and the liwa 
EW corresponds to E'X in figure 6. The moon is supposed to be stationary 
and the centre of the shadow circle is supposed to move from 6 at the first 
contact, to e at opposition, to ^ at last contact, and the problem is to firifl 
the locus of bed. 



Ff^. a 

The radius of the circle ENWS, whose centre is at M,' is eg^ual to the 
sum of the radii of the moon, and the shadow (16' + 41' = 57') so that the 

points 6 and d must He on this circle. Now make the angles EMa, eMN, 

and WMc equal .to the valana at first contact, opposition, and last contact 
respectively, and make a&. Me and cd equal to the latitude of the centre of 
the moon at those times, due care being taken with reference to the directions 
The points b, e, d are thus fixed and the circle drawn through these points is 
assumed to be the ■ path of the centre of the shadow. 

The Surya SiddMmia concludes the section dealing with this subject with 

the caution that * This mystery of the gods is not to be imparted indiscriminately.” 

Noxa.—See B. SohbaJI Belipaes of Sun i» Iniia (appended to Seweu- and Dikshit’S Intl'aa Calendar). 
Jaconi notes that «the eolipsee mentioned in inscriptions are not always observed eclipses, but oaloulated onet 
E.I. i' pp. 422^23), 
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CHAPTER X. 

Conclusion. 

82. The chief phases of the history of Hindu astronomy are connected with 
the Vedas, the Vedahgas and the medimyal text books, or siddhantas. Vedic 
astronomy is naturally of the unscientific order, the VedSnga astronomy is 
formal but crude, while the astronomy of the later siddhantas is, on the whole 
of a very high intdlectual order. The more important items of the available 
evidence that illustrate these phases have been given in the previous chapters, 
but there are certain matters to which further reference may be made,—^for example* 
tJ)e rclationsliip of the Vedanga astronomy to the current thought of the time, the 
exotic asti'onomy of the later period, the controversy regarding the antiq^uity of the 
Vedas, the evolution of astrology and the astronomical deities ot India. 

SS. It will bo recalled that the Jyotislm Yed^nga and similar works very 
strangely omit all reference to the planets and their motions, while in the epics 

and other popultu works of the period such references, informal though they 

bo, aro numerous. Let us assume that the Vedangas, Jatakas, the epics and 
rurni.\as more or less overlapped chronologically, and as a matter of conveni¬ 

ence let us lix the whole period embraced by these works as from 400 B.C. 
to A.J). 400. We are then forced to one of two conclusions, namdy, that 
either (o) all the more advanced astronomical notions displayed in the popular 
Wfuk's aro late additions or interpolations; or (6) the knowledge of astronomy 
indu'iiU'd in the popular works was in advance of that exhibited in the fornoal 
astronomical w'orkH. The first alternative (o) seems to be untenable?' since the 
rehireiices to the planets, &c., in the popular works are far too numerous to 

bo easily explained away, and their mode of occurrence, in some cases at 
least, clocis not suggest interpolation; and, of course, in the west the knowledge 
in qucistion was widely diBhised during this (assumed) period. We are thus 
led to the second of the alternatives (6), and to the fairly legitimate deduc¬ 
tion therefrom that the Vedanga astronomy was of the traditional order, and that 
the professioiuil astronomer had not kept pace with the time.^ This conclusion, 
that the Vedanga astronomy was not thoroughly representative of the period, 
depends, however, upon the assumption made as to the chronology of the works 
in question. 

84. The second point is perhaps more important. The facts and the 
cluronology are, within reasonable liinits of error, firmly established. About 
A.l). 450 the Hindu teachers began to expound a new astronomy that had 
been received from the west. The Hindus of this period were not obsessed 
by tradition, they were in a plastic state of mind and their attitude in intel¬ 
lectual and aesthetic matters was one of rather eager receptivity. All that 

* Tho Hftixvo lias happoaod in Tti/iifl. in q^nite modem times. Even now the so-called orthodox/ teacher 
generally prefers to stick to traditional, lore, and he often displays considerable ingennity in trying *to Save the 
phenomena’. In Europe, not so long ago, false traditional teaching of astronomy vas made almost a matter of 
faith. 
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appeared good was welcomed, and, partly in consequence of tMs intelligent 
attitude, there began for India a period that has been appropriately desig¬ 
nated its ‘ golden age.’ In striking contrast is the beginning, at the same 
period, of the ‘ dark ages ’ in Europe, where a bigoted hierarchy disoonded the inesti¬ 
mable gifts of the heathen Glredrs. India welcomed and assimilated as much o^ 
the Greek teaching as could reach her; but from Alexandria to Ujiain was in 
those days a long journey, and the transmission of knowledge was hindered in 
many ways, so that finally the Greek knowledge was received in India in a some¬ 
what feayed condition. 

There is an interesting corollary to this. Tradition says that the Arabs 
first received their knowledge of scientific astronomy from India, ^ and, it is possible 
that the Arabs were thus instigated to acquire knowledge from the Greek writers 
also. Later, Europe received from the Arabs the teaching it had spumed so long 
before. 

86. The investigations of H. Jacobi and B. G. Tilak are worthy of special mention. 
By means of certain quasi-astronomical passages they independently came to 
the concl-nsion that portions of the early texts were composed some 4,600 years 
before the Christian era. Jacobi is one of the most learned of the European 
orientalists, and his opinion is, in itself, of extreme value; but we are com¬ 
pelled to reject some of his conclusions. Further, if my suggestion that the 
nakshatras formed, at least in some oases, merely a rdative scale whose initial 
point was an equinox or solstice, be of any value, then the arguments of Jacobi 
and Tilak generally fail. 

86. In all countries, in the early stages of intellectual development, the 
connexion between astronomy and religion has been intimate. For Tnf^ig. the 
history of this connexion is particularly interesting and the literature relating 
to it is sometimes beautiful. In comparatively late times an exotic astronomical cult 
and an exotic astrological system tended to obscure the historical development; 
but the cult never became predominant and the scheme of astrology was alto¬ 
gether subordinated to the spirit of Hinduism. It is impossible to elaborate these 
themes in the present volume but the summary accounts of Hindu astronomi¬ 
cal deities and astrology in India appended may serve a useful purpose if they 
draw attention to these interestmg topics and the important part they have 
played in the progress of civilisation. 


^ See also pages 47 and 49. 
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APPENDIX I. 

Astrology in India. 

Astrology has played an important part in the past and its present in¬ 
fluence is enormous over that portion of the human race whose view of the 
universe may be characterised as anthropocentric and whose capacity for credu¬ 
lity is not very definitely limited. Its importance as a factor in the develop¬ 
ment (or retardation) of civilisation has been recognised to a limited extent. 
Bouch^-Leclercq, Cumont, Housman, von Oefele , Nallino and others have dealt with 
astrology in Europe, Egypt, Mesopotamia and among the Muslims generally; 
but with reference to India the only general account is Thibaut’s very brief 
summany in the Gnmd/nss der Indo-Arischen Philologie. The following note 
is merely an attempt to draw attention to a subject which, particularly in 
India, has influenced thought generally and astronomy specifically. 

Eecent researches into the early history of civilisation seem to indicate 
that astrology developed at a very early period and that its roots were deeper 
planted and its branches more widely spread than was formerly held; but we 
must accept with caution wide and vague conclusions that are not supported 
by direct evidence. The astrology that von Oefele writes of, for example, is 
planetary astrology, and he states that “ even in the most remote ages the 
periods of evolution peculiar to the seven planets had been studied.” But 
such a statement cannot be accepted without question. As based upon our 
knowledge of Babylonian and Egyptian astronomy it might be accepted with 
modification; but such a statement is not needed as a. postulate unless it is 
assumed that astrology was necessarily planetary astrology in its earlier stages. 
It would not be difficult to formulate a genealogy of astrologv commencing 
with the animistic vogue of the primitive mind and ending au die stage 
when the planetary motions had been observed with fair accuracy. Eor 
undoubtedly astrology exhibits a phase of the tendency of the primitive mind 
to endow inanimate objects with spiritual life, and it has little concern with 
the astronomical discoveries of the last two thousand years. 

In studying the earliest records of Indian literature and science we are 
impressed with the absence of unambiguous records of the planets, and it is 
generally conceded that planetary astrology was an importation from the west. 
But this absence of official record may only mean that the older Indian hier¬ 
archy rejected astrological principles, for there is evidence in the early popular 
literature of a fairly wide difEusion of astrological practice. The early Buddhist 
texts condemn such practice with reason, for it did not square with the funda¬ 
mental principles of Buddhism; and possibly this attitude influenced the Brah¬ 
mans also. We do, indeed, find, in the Atharva Veda for example, notices 
and indications of practices in Hindu literature of what might well have 
developed into formal astrology; but it is only with the decay of Buddhism 
in India that such formal astrology becomes prevalent. ^ 

^ This is possibly merely a chronological coincidence. Later Buddhism itself absorbed certain astrological 
notions. 
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The nakshatra list of the Atharva Veda is apparently of an astrological, 
character. It occurs in the seventh section of hook xix and is as follows. 

1. favour of the twenty-eight-fold (1) wondrous ones, shining in the shy together, 
ever-moving, hasting in the creation, I worship with songs the days, the firmament. 

2. Easy of invocation for me the Krittikas and RohinI; be Mrig®^h?as excellent, Ardra healthful; 

be the two Punarvasus pleasantness, Pushya what is agreeable, the Ajleshas light, the Maghas progress. 

3. Be the former Phalgunis and Hasta here auspicious; be Chitra propitious, and Svati 
easy for me; be the two Vi^ahhas bestowal, Anuradha easy of invocation, Jyoshtha a good 
asterism, Mula uninjured. 

4. Let the former Aaliadbas give me food ; let the latter ones bring refreshment; let Abhijit 
give me what is auspicious, .let ^ravapa (and) the ^ravishthas make good prosperity. 

6. Let ^atabhisha] (bring) to me what is great widely; let the double Proshthapadas (bring) 
to me good protection; let Eevati and the two A^vayuj (brmg) fortune to me ; let the Bhaxaijls 
bring to me wealth. 

But this is not planetary astrology, and a considerable period elapses before 
the planets are introduced into the rather crude astrononucal magic that 
appears to have prevailed in post-vedic times. A very interesting but com¬ 
paratively late • fragment from Khotan, written in debased Sanskrit, seems to 
couple up the later formal astrology with the magical formularies of the Atharva 
Veda. What is intelligible of this fragment ^ reads as follows: 

“A formula of medical herbs. In this respect effective are Chitra, MrigaSita, 

giavana, Nidhana, Punarvasu, Svati, Satabhisha...;.of those who abandon disputes, quarrels, 

knives (1) and.rites. Causers of misfortune are Krittika, Phalgum, Ashadha, . 

rough works, having made a firm path. Causers of success in this respect are Purva-phalguui. 

Puiva-ashadha, Purva-bhadrapada.arrangers to go on a secret path are Ardra and 

Dhanishtha in combination. One may do here all fi.erce rites,.here firm, foremost fi'icnds 

are and Jyeshtha. If Uttsra-Bhadrapada be here the third (1), let him do.for 

the benefit of living beings, according to circumstances, having known, and various wise men^ 
The fourteenth day again has Yama for its deity; he should proceed to act as in the former 
case. 

The shadow turns round, and here ASvinl leads the night, but Anuradha the sun towards 


the southern quarter.by Suras (and) Eishis thou art encouraged, and in this month (and) 

field by Rakshasas, men, serpents (and) Takshas. Vridchika . 

Now the Eishi Kharushta addressed the whole congregation, which stood with folded 
hands, and said .‘ you have seen, heard, understood the fields, hours i^wra), signs. 


positions, progresses, revolutions ; and likewise.the motions of nakshatras and planets 

(proJia); are you satisfied and content or not ’ ? Now then, all, bowing with folded hands, 
.spoke thus : ‘ Thou art the preceptor of aU the Devas, the best sage in the world Of Suras and 

■Asuras, unlike any other,.a well-wisher of all living beings, possessed of aU eminences, 

.pastmaster in aU virtues,, endowed with an equal range of the three periods of time, nor has any 
.other such knowledge as thou, to give instruction with regard to nights, days, momaits, 

nakshatras, planets, hajf-months, months. 

. This interesting fragment, although found beyond the borders of India 
proper, is Indian (probably Buddhistic) in character and language and appears 
to, belong to an intermediate stage in astrological lore and practice, 

'^Manuscript Memains of Buddhist Literature found in Turkistan* ‘ Vol. 1, pp, 121—126. ■ The- trans¬ 
lation admittedly nnsatiafaetoiy . 
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The great Indian .works on .formal astrology are Varaha MiMra’s Brihat 
and his BriJicij Jataha ; and it is in the introduction to the latter (con¬ 
sisting of the first two chapters) that the part in which we are particularly 
interested, the hord tantra proper, occurs. Since the time of Varaha Mihira 
(si.x'th (jcntury A.D.) no -changes of fundamental importance have been made 
iii this science. The following notes summarise the contents of his Bfihaj Jdtaha :— 

He invokes the aid of the Sun (1), refers to previous works ^ and to the difficulty of th® 
task (2). The signs of the zodiac are connected with the nakshatras and the term ‘ sign ’ is 
defined (4). The western pictorial representations of the signs are detailed (5). The planet® 

us rulers of the signs and of the novenaries and duodenaries (6), and of the terms or limits of 

the signs (7) are explained. The Greek names of the signs (8) and definitions of the term 
‘ dccun ^ novenary ’, ‘ duodenary ’, degree and ‘ hora ’ are given (9). Day and night (10) 
harmful and favourable, male and female, movable and fixed signs are enumerated (11). The 
(‘..saltations and dejections of the planets (13) and their most auspicious positions and the plane¬ 
tary doniicilos are explained (14). The influence of each house (15-16) and the terms applied 
to tho several houses (17-18) and the values of the signs according to their position in the dia¬ 
gram ans given (19), together with a rough table of oblique ascensions (19). The chapter ends 
with a list of the colours attached to the signs and a definition of the term ‘ vesi’ (20). 

Chapter 11 gives the values of the planets (1), their names (2-3), their colours (4-6), the 

(piartorB they rule (5), their sex and elements (6), the castes they influence (7), descriptions of 
persons of each planet (8-11), the places over which they rule (12), their metals, etc. (12). Then 
are discimsod the asj^ts of the planets (13), their friendly or unfriendly relations. with each 
other (15-18), and thoir favourable positions (19-20). 

The romaind(ir, and by far the greater portion of the book, applies the‘notions already 
given to pnffilcnns relating to birth, death, length of life, vocations, king-ship, etc. There are 
also chapters on particular coiifigurations, lost horoscopes, etc. 

' lie mentioiiH th« following authorities Maya (vii, 1; rii, 6), Yavanfichaiya (vii, 1; viii, 9; xi, 1; xit'O; xri, 
:i), .Satymiliarya (ii, IS; vii, 9, 10, 11; xii, 2; xd, 3), Vishnu Gupta (vii, 7; xxi, 3), Dovaewami (vii, 7), 
Siddliiwt'iia (vii, 7), .JIva 8arina (vii, 9 ; xi, 1) Pijj<Jayu (vii, 7, 8, 11, 12, 13), Manittha (vii, 1) Saktipurva.(vii, 1). 
Frithu (xxv, 13). 
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The following tables give the principal elements of Varaha Mihira’s astrology i— 

I. Houses. 



Designations (i, 16-18). 

InOuenoing (i, 15-16). 

I 

Hora, Lagna . . . . • 


The Body 

Strength. 

II 

Panaphara. 

. 

Belatives 

Wealth. 

ni 

Apoklima ...... 

• 

Brothers 

Valour. 

IV 

Hibuka. 

• 

Priends 

Home. 

V 

Trikona, Panaphara .... 

« 

Sons 


VI 

Apoklima. 


Enemies 

Injury. 

vn 

J&mitra. 


Wives 


vin 

Panaphara. 

• 

Death 

Weakness* 

IX 

Apoklima. 

• 

Morality 

Religion. 

. X 

Meshtirana, Karma .... 

• 

Dignity 

Honour. 

XI 

Panaphara. 

• 

Inoome 

Gain. 

xn 

Apoklima^. 

• 

Expenditure 

Loss. 


Houses 1, rV, VII and X axe also designated Kanfa^a (< pointed’), Chat usr asra (* square’)» Kendra 
central’). 

a. The Signs. 





Names *(i, 5f, 8). 

Colours 
(i. 20). 

Sex (i, 11). 

liiflaenoe 
(i. 11). 

(i,10). 

(i, 11). 

♦1 

Abies 

« 

Mesha, Kriyaf 

Bed 

Male 

Harmful 

E. Night 

Movable. 

2 

Taubus . 

• 

Vyisha, Tavuii 

White 

Female 

Good 

S. Night 

i Fixed. 

3 

Gemini . 

• 

Mithuna, Jituma 

Yellow 

1 Male 

Harmful 

W. Night 

Common. 

4 

Canoeb . 


Karka, Kulira . 

Pale red 

Female 

Good 

N. Night 

Movable. 

5 

Leo 

• 

Simha, Leya « 

Smoky 

Male 

Harmful 

Day 

Fixed. 

6 

VmGO 


KanyS., Pathona 

Variegated 

Female 

Good 

Day 

Common. 

7 

Libba 

e 

Tula, Juka 

Black 

Male 

Harmful 

Day 

Movable. 

8 

SOOBPIO . 

« 

Vyisohika, 

Kaurpy^. 

Golden 

Female 

Good 

Bay 

Fixed. 

9 

SAGITTABnrS 

m 

Dhanus, Tauk- 
shika. 

Tawny 

Male 

Harmful 

Night 

Commn. 

10 

CAPKrOOBNTJS 

a 

Makara, Anokero 

Grey 

Female 

Good 

Night 

Movable. 

11 

Aquabuts 

a 

Kumbha, Hyid- 
roga. 

Mongoose 

Male 

Harmful 

Day 

Fixed. 

IS 

PlSOES . 

• 

Mina, Itthya . 

White 

Female 

Harmful 

Day 

Common. 

, 


* The Hindus numbered the signs 1 to 12, not as the Arabs did 0 to 11. 

7 The Greek names of the signs have already been given (page 40). 

f Certain of these Greek terms have already been given (page 39). Of the others * suocedent* 

avohUma * cadent hupogeion ‘ inferior culmination,’ mesouran&m ‘ superior oulminatioxi.’ are regular astrological 
terms. 
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4 * The rulers of the Signs, &c. 


Billers. 

Signs. 

Their duodenaries. 

Their Novenaries. 

Their terms or limits. 

Aries . 

Matm 

Mars, Venus, etc. 

Mars, Venus, etc. 

Ma. 5 Sat. 6 Jup. 8 Me. 7 Ve. 5 

Taoras. 

Vrnnjs 

Venus, Mercury, etc. [ 

Saturn, Saturn, etc. 

Ve. 6 Me. 7 Ju. 8 Sa. 6 Ma. 6 

Gemini. 

MnsouBT 

V 

Mercury, Moon, etc. 

Venus, Mars, etc. 

Ma. 6 Sa. 5 Ju. 8 Me. 7 Ve. 6 

Caiioer« 

Mooiir 

Moon, Sun, etc. J 

Moon, Sun, eto. 

Ve. 5 Me. 7 Ju. 8 Sa. 5 Ma. 5 

Leo 

Stw 

Sun, Mercury, etc. ^ 

Mars, Venus, eto. 

Ma. 6 Sa. 6 Ju. 8 Me. 7 Ve. 6 

Virgo . 

TVT'nrR.mTR.'v 

Mercury, Venus, etc. 

Saturn, Saturn, eto. 

Ve. 5 Me. 7 Ju. 8 Sa. 5 Ma. 6 

libra . • 

Vuinjs 

Venus, Mars, etc. 

Venus, Mars, eto. 

Ma. 6 Sa. 6 Ju. 8 Me. 7 Ve. 6 

Scorpio. 

Mars 

Mars, Jupiter, etc. J 

'Moon, Sun, etc. 

Ve. 5 Me. 7 Ju. 8 Sa. 5 Ma. 5 

Sagittarius . 

JtfTITHB 

Jupiter, Saturn, etc. 

Mars, Venus, eto. 

Ma. 6 Sa. 5 Ju. 8 Me. 7 Ve. 5 

Caprioomus . 

Saturn 

Saturn, Saturn, etc. 

Saturn, Saturn, etc. 

Ve. 6 Me. 7 Ju. 8 Sa. 5 Ma. 6 

Aquarius 

' Saturn 

>• 

Saturn, Jupiter, etc. 

Venus, Mars, etc. 

Ma. 6 Sa. 6 Ju. 8 Me. 7 Ve. 5 

Pisces . 

JUPITJfflJi 

Jupiter, Mars, eto. J 

Moon, Sun, eto. 

Ve. 5 Me. 7 Ju. 8 Sa. 6 Ma. 5 


The only other phase of the history of this subject to note now is tbe 
interaction between Indian and M nba,Tmna,dfl,n astrology. 


“ The Musalman writers mention seven or eight Indian astrologers, whose 
names, however, it has not as yet been possible to identify with the corre¬ 
sponding Sanskrit. The most important is K-n-k-h or K-t-k-h, who, according 
to some Arabic writers, appears to have come to Baghdad to the court of the 
khalif al-Mansur, bringing thither astronomical books of India, and according to 
others, making known Indian arithmetic. The Arabs attribute to him writings on 
the numudar (that is on the method of ascertaining a factitious ascendant of the 
nativity), on the nativities, and on the conjunctions of the planets ; it is therefore 
plain that he had also treated of the part of Indian astrology called in Sanskrit 
hoTci, or jdtaJca, which arose through Greek influence •”* 

On the other hand we note that the common Indian term Tdjaha applied 
to works on astrological divination is of Arabic origin, and also that in com¬ 
paratively modern times the Muhammadan astronomers and astrologers had con¬ 
siderable influence in India. 

The chief studies on Indian Astrology are noted below:— 

AiiBiRUNl’s India. Edited by E. 0. Sachau. Vol. ii, oh. T.YYY 

Kjebn, H. The Brihat Samhita, or complete system of natural astrology, by Varahamihira. 

Text. —^Bib. Indica, 1866. 

TraMshtnm.—m^S, iv—vi. 1870-1876. Also in his Verspereide Geschriften Vols., i 
and ii. See also Ini. Stud, x and ziv. 

Chattebjbb, H. P. The Brihajjatakam of Vaiaha Mihiia. AllcAdxid, 1012. 

Jacobi, H. Die Astrologiaeindioae ‘Hora’ appellatae oii^Tins. Ind. Streife 1879, 166 

168, &. 

Wbbbb, a. Zm Gesohichte der Indisohen Astrologie. Ini. Stvd. ii (1853) 236-351. 

THiBAxn:, Q. Astronomie, Astrologie nnd Mathematik (Qnmdrm der mdo-a^isdien Philoloqie 
_ iii,9). ^ ’ 

* C. A, NaJlino EBE Vol. xii, p. 90. 
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APPENDIX IL* 

Hindu Astronomical Deities. 

Vbdio Deitibs. 

In Vedic times thiere was a group of gods—Surya, Savitfi, Mitra and tiic 
other Adityas—^that has, with some propriety, been called a sun-god group. 
Jn the Rig Veda, however, the only one of these that is definitdy astronomical 
is Surya, who was more closely related with the physical object than the 
others, occasionally, indeed, being the actual object itsdtf. He was the source 
of light, the day-measurer, the dispdler of darkness, etc.; Savitri, the vivifier, 
represents a more abstract notion; Mitra was, something like the Mithra of 
the west, rather vaguely a god of Ught; while the other Adityas were still 
less dehnitely astronomical. 

Although there is nothing in the Rig Veda that marks any one of these 
gods, except Surya, as definitely coimected with an astronomical body or 
phenomenon, yet they are all closely related to Surya and even are on some 
occasions definitely equated with him (and with each other) by name, and 
also, rather indefinitdy, by attributes and functions. The main characteristics 
of the group may be roughly summarised as foUows:— 


Stoxa.' 

SAvma,* 

' 

Mitea.® 

Adityas.® 

Son of Aditi' 

An Aditya' 

An Aditya' 

Mitra 

Son of Dyaus * 

=Bhaga * 

Generally coupled with 

Aryaman 

Produced by various gods ® 

5S5 Mitra ® 

Varuna,* 

Bhaga 

Husband of Ushas ® = Savitii 

= Siirya 

= Savityi ® 

Aih6a 

Daksha 

Varuna' 

Martanda * 

Eye of Mitra and Varuua * 

A bird • 

Golden hands, etc.® 


Savitpi * 

Surya 

Chariot with seven horses ’ 

Chariot with two horses * 


Indira 

Measures days ® 

The vivifier • 

Stirs up men and brings 

As a group gods of (P) 

Dispels darkness ® 

Drives away sickness and evil 
dreams 

j 

Drives away evil dreams, 
civil spirits and sor¬ 
cerers ’ 

them together ® 

celestial light ® 


2. We have not included in the above group either Pushan or Viabn n, 
The former is sometimes said to be a sun-god but the connexion is extremely 


* Appendix II first appeared in the Journal of the Asiatic Society of Bengal, 1920* 

I (1) RV X, 8811; i, 191»; yiii, 90 (2) x, ZlK (3) ix, 12»; ix, 96*; &o. (4) vii, 76*, (6) i, 116^ 

vi, 611 . vii, 631 j x, 371 ; &o. (6) v, 46», (7) i, 60® ; iv, 13» ; v, 46® ; vii, 60® ; but Tii, 63* gives only one 
steed and in i, 116®, x, 37®, &o., the number is indefinite. (8) i, 60’. (9) vii, 63^; x, 37*. (10) x, 37® [AV xiii 
summarises Stirya’s charaoteristioB]. 

* (1) viii, 13®. (2) V, 82^; vii, 38i.® (3) v, 81® (4) i, 36®, « ; vi, 71®, ®; vii, 38*; vii, 46* (6) i, 36«. (6) 

iii, 621® (7) i, 359. 82®; vii, 38®, 

® (1) ii, 27' (2) V, 62; Ac.; &o. (3) iii, 69*; v, 81® ; vii, 36*; 

® (1) The first six names are given in ii, 27 ; see also viii, 18®; &o. (2) x, 72®, 3} vii, 85®. (4) A« A, 

l^UonoxTEiiL Vedic My*hol. 44 ; but see H. OLLUNBma Bel d» Ved* 186, 

P 2 
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loose, althougli in later imes Fusliaii is used as a name of the sun.^ yis]i 9 .u 
in post-Vedic times became the first of the Adityas and one of the great gods 
of the H i n du triad; but in the Big Veda he holds a subordinate position. 
He is there characterised chiefly by his ‘three steps,’ which general opioion, 
without much warrant, refers to the course of the sun. In one not very 
clear passage (EV i, 166^) he appears to be connected with the four quarters 
of the year, each of which consists of 90 days. In modern times his purely 
theistic characteristics hide any possible solar rdationship.* He has few physical 
traits left, practically the only one being his anthropomorphic ‘three strides.’ 

3. Other quasi-astronomical deities are the twin Alvins and Soma. The 

former have been supposed to be connected with the morning and evening 
star,® but theh connexion with any astrononoical phenomenon is really very 
vague, although they are often associated with SuryS, the daughter of the 
Siirya.* Their name implies the possession of horses and they have other traits 
which suggest some parallelism with the Gredr Dioskouroi. Aiviiu is the name 
of the nakshatra usually identified with ^ and y Arietis. 

Soma is, in the Big Veda, hardly connected with the moon at all® ; but 

perhaps iu the later books,® and certainly in the Atharva Veda,’ Soma is a 
name of the moon. In later works the moon as a separate divinity is rardy 
mentioned and in modem times diares the subordinate position of the planetary 
gods. Considering the importance of the origmd Soma and the large part 
the moon plays in regulating religious practice m India, it is surprising to find 
that a moon-god proper has no place of importance m the Hindu pantheon. 

4. There is some diversity of opinion regarding the relationship of these 

deities with astronomical bodies. We have, for example, Oldenberg’s suggestion 
connecting the Adityas with the planets,® and Hillebrandt’s theory that the 
whole Eik is centred round a lunar cult.® But these hypotheses really relate to the 
remote origins of the Vedic deities and have but httle direct bearing on the 
characteristics of these deities as conceived by the Bishis. From our point of 
view is seen the importance of the fact 'that in the Big Veda none of the 
gods except Surya shows hardly any astronomical traits: any astronomical 

1 “ The door of the true is covered with a golden disk. Open that, 0 Pdshan, that we may see the nature of 
the true. 0 Pushan, only seer, Yama Surya, son of Prajapati, spread thy rays and gather them.” Isa XJpan. 
15.16. 

® Oldenberg deems that every trace of solar character is lacking in Vishnu (MAonoisnBiiiL Ved, Myfhol, 39); 
but in the Puranas at least, some relationship is indicated, e.gr, “ The sun, which is the internal unchanging light, 
is supremely a portion of Vishnu; and its supreme stimulator is the utterance OM.” YisJmv, Purdria ii, 8. 

® A. A. Maca> 02 srisra:i Fed. Myth. 63. Attempts to identify them with the sun and moon have been made. 

* Nearly all the references to Surya connect her with the Alvins, as mounting their oar, and she appears to 
be their joint wiEe. Once she is connected with Pushan (RV vi, 68 ^), and (I) once with the moon (x, 86). 

See, however, the reference to Hillebrandt’s view in the next paragraph. 

• e.g. RV X, 86 

’ vii, 81 « ; xi, 6 

* Oldenberg suggests that Mitra, Vaxuna and the Adityas are the sun, moon and planets, and that these had 
been borrowed from the Semites or Sumerians, or had received their astronomical character from them. Die Relu 
gion des Vedap h86 f. See also 0. SchbIdbb in EBE ii, 36. 

• Vedische Mytholoaie fBandi. Soma nnd verwandte G6tter). See also A. A. Maonoiimix* Vedic Mythology 
p. 113« 
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connexion there may have been has become obscured. Consequently from the 
Vedic deities of this type we may not derive the post-Vedic and mediaeval 
astronomical gods of India. 

5. Of Vedic ritual specially applicable to Siirya there is no information > 
but, as all the gods were worshipped so, no doubt, was Surya, possibly with 

appropriate ritual. “ Adoration to Surya.celebrate the rite^ enjoined by 

him and sing his praise.” (RV x, 37^). 


Post-Vedic. 

6. Between the Vedas and any subsequent body of Indian literature there 
is probably a big time-gap. At any rate the intervening period sufficed to 
alter considerably the general conception of the celestial deities. In the Atharva 
Veda there are indications of the coming change. In the Brahmanas® the 
Adityas are twelve and represent the twelve months of the year. Later the 
whole group became merged into one sun-god, named indiscriminately Surya, 
Savityl, Mitra, Aryman, Pushan, etc. In the Upanishads the sun is of great 
importance.® In the epics a sort of heliolatry is indicated the MahabhSrata 
gives 108 names of the sun:® the RamSyana devotes a canto to his praise.® 
The Jatakas’ also refer to the worship of the sun; the PurSnas relate solar 
myths, toll of a race of solar kings® and give in outline the ritual of sun 
worship that still obtains.® 

7. Already there are indications of two conceptions of the solar deity that 
wore, possibly, independent of each other or even fundamentally antagonistic 
the one being purely Hindu and the other of foreign origin or largely influ¬ 
enced by exotic cults. In Hinduism the sun “is blended so inextricably with 
the (joncoption of Brahma, beginning with the famous Gayatri stanza,^® as to 
justify the statement that there is scarcely any theosophic hymn which does 
not more or less distinctly, primarily or secondarily, have in mind the great 
heavenly body.” On the other hand a solar cult of a less abstract nature, which 


1 Tho rondoring, however, is not certain. 

«on the san as ‘ the self ’ (Oh. U. iii, i^). “ That golden parson ’^ho is sem, 

within tho siin.... is tho lord of all the worlds ” (Oh. 0. 1, 6«-*). Chapter iii of the same Upam^d is a medi- 
tation upon tho rays of tho sun, to. See also the Kanshitaki Upanidiad, ii, 7, eto., etc. 

«vii, 82i». 

• vi’ 10(1* Agastva says-" 0 mighty Eama, listen to the old mystery by which tiion wilt conquer all the foes 

in tho battle, t&viiig dady repeated the Adityahpdaya, the holy prayer which destroys all memies, givM 

tlio rising sun and tho splenrUd sun, who is respected by both gods and demons, who gives hght to all bodies and 
is the rich lord of all the worlds, etc., eto.” 

I Smpto tie in^tuted by Aurelian (AD.270.276) 

worship of tho Bmperora The Chiefs of Udaipur. Jodhpur. Jaipur and Sirmto claim to be of the sols* race. 

loIL mv Hi 62i»i is reallv a SSvitri mantra, and it is doubtful whether it originally referred to the 

J ... 

our prayers. 
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foTxad plenty of justification in the Vedas, but which was probably not alto¬ 
gether indigenous, was in vogue in northern India for a fairly long period. 

Asteonomioal Myths. 

8. Some of the astronomical myths show Vedio origins but most of them 
belong in spirit to the epic age and some of them show no Vedic relation¬ 
ship at all.^ The most important of these myths naturally relate to the sun 
and moon; but, judged by the references in popular literature, by far the 
best known were those relating to Rohini^ and Rahu.® In very brief outline 
the more important myths are as follows:— 

The Sun (Surya) married SaSjSS, but his light was so overpowering that 
she gave him ChhayS (Shadow) as a handmaid. SaSjSS retired into a forest 
and assumed the form of a mare, but Surya, as a horse, discovered her. Among 
their ofispring were the two Asvins. SaBjna’s father, in order to reduce the 
Sun’s power, placed him on a lathe and cut away an eighth part. From the 
fragments cut ofi were produced the discus of VishiDiu, the trident of Siva 
the lance of KS.rttikeya, etc. The sun was also a great scholar: he taught 
the Vedas* to Yajnavalkya,® and to Maya the system of the planets.® 

The Moon (Chandra), of doubtful parentage, married the 27 daughters of 
Daksha, that is the 27 nakshatras. Rohini (usually identified with Aldebaran) 

was the favourite, and the others in their jealousy appealed to Daksha, who 

punished the moon with the disease of consumption, which was afterwards 
mitigated to the extent of making it periodical only: hence the waning and 
waxing. A second lunar myth’’ relates that the Moon carried off Tara, thereby 
causing a wide-spread quarrel among the gods. Budha (Mercury) was born to 
TiriS. and the Moon; and from Budha sprang the lunar race. 

Mats is said to be the son of Siva, and is sometimes equated with Kartti- 
keya, who was also the son of Siva. Karttikeya is the god of war and rides 

a peacock and carries a bow and arrows. He was fostered by the RfittikSs 

(? the Pleiades) and hence his name. 

Mercury is Budha (‘wise’) and the son of the Moon and Tara; Venus 
(Sukra, ‘ brilliant ’) is the son of Bhpigu; Jupiter is Byihaspati or ‘ Lord of 
prayer ’; Saturn (Sani), the son of the Sun and Chhaya, always has a malig¬ 
nant influence. Of these four planets no specially significant myths are related. 

Rahu, a semi-reptihan monster, stole and drank some of the amrita of. the 
gods and so became immortal. Vishnu thereupon struck off his head, but, as 
he had secured unmortality (for his head at least), Rahu was placed in the 

1 The only Yedio solar myth relates that Indra stole Suiya’s wheel. BV i, 176 ^; iv, 30 \ 

» e.gr. “ For blest with Kama’s love is she, As with the Moon’s sweet Eohini.’* Valmiki’s Eam&yana ii, 16. 

® e.flr. “ Like the fair moon from Rahn’s jaws set free.” MrichchhahatikdiY, See also Jdtakas nos. 26, 48 
490, 637 ; Mrn&yanm ii, 4; 114, iii, 27, 37, 64; iv, 22; vi, 71, etc. 

* cf. “ Thus the adorable sun, whose self is the Veda, who abides in the Veda and whose seif is Vedio know 
ledije, is called the supreme soul.” iforJfc. Fur, cii, 20. 

» AlbieCni iTidia i, 129. 

* Siddhanta i, 1 f. 

’ VP iv, 6, etc. 
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iieavens. It is said that Kahn’s thejEt of the am/rita was discovered by the 
Sun and Moon and that in revenge he occasionally swallows them and thus 
causes eclipses. The myth is, possibly, partly exotic. Astronomically Kahu 
became the moon’s ascending node, and Ketu, a later introduction, the des¬ 
cending node. There is some confusion in modern texts: Kahu was called 
Kabandha, ‘headless,’ but the introduction of Ketu as Cauda Bracmis m&dA 
this nomenclature anomalous. 

According to Jacobi, Garuda was a sun-god.^ Yinata, a daughter of 
Daksha, impatiently opened one of her eggs. It contained a bird (Aruna) 
whose upper half only was developed. Aru^ia became the charioteer of the 
sun. Vinata’s second egg produced Garuda, an enormous bird. He became 
the servant of the Nagas, who, however, promised to set him free if he pro¬ 
cured for them the amrita. Eventually he vanquished the guardian gods and pro¬ 
cured it, in spite of Indra, whose thunderbolt (vajra) caused the loss of only 
one feather. On the ground strewn with huda grass Garuda placed the amrita 
and invited the snakes to partake of it. While they bathed, Indra, who had 
become friendly with Garuda, carried off the amfita. Garuda was rewarded 
by Vishnu who chose him as his vdhcM'ta, and gave him his standard to rest upon. 

There is a quasi-astronomical myth based upon RY i, 71® (and AB iii, 33*), 
which becomes a star picture embracing Sirius, Orion’s Belt and Aldebaran. 
The Taittiriya Brahmajgia gives a star picture of Prajapati, and the Byihat 
Saihhita (Iviii, 106) gives a naksJiatra purusha,^ which is obviously derived 
from the Mia purusha (‘ time man ’)—a human figure made up of all the signs 
of the zodiac—given in the Brihajjataka (i, 4). 

Mediaeval Solab Cults. 

9. There is abundant evidence, dating from the early years of the Christian 
■era, showing the practice in mediaeval India of a solar cult, and to a more 
limited extent of a planetary cult also. Philostratus mentions® a temple of 
the sun at Taxila; Yajnavalkya and Varaha Mihira give details of ritual ;* 
Yuan Chaung refers* to the sun temple at Multan and to the offering of 
flowers and perfumes to the image of Surya there, and Albiruni also mentions* 
the same temple, of the founding of which there is an account in the Bha- 
vishya Purana.’ Ananda Giri, a writer of the ninth century, counted six 
formal divisions of sun worshippers, of whom some worshipped the rising, some 
the setting, and some the noon-day sun, others all three as tri-mhiti.® The 
•earliest known Indian inscription referring to this cult is dated A.D. 466, but 
from that time onward there is plenty of evidence of this type. 


1 EBB ii, 804. It is doubtful, but the myth is given because of its similarity with the BiShu myth. 

^ See also the Matsya Pur&naf oh. liv. 

* lAfe of Apollonius of Tyoma ii, xsdv. 

* See paxagraph 13. « Bbaj, vol. i, 274.?.75. 

* India, i, 116, »^0h. oxrxix. 

« W- Hopkins Meligions of India^ 447. For a solar tri-murti image see H. K. SAStTRi South Imdim Images of 
^ods and Goddesses, fig. 144* 
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The folio-wing axe brief quotations from some of the earlier inscriptions: 
(a) “ Ma 7 that Sun... .whom Brahmans of enlightened minds, according to due- 

rite.to be applied to a lamp for the di-vine Sun.”^ (b) “ May that Sun 

protect you who is wor^pped by the host of gods for existence, and by 
-the Siddhas who wish for supernatural powers....who is the cause of the des¬ 
truction and -the commencement of the universe. Eeverence to that Sun whom 

-the Brahmanical sages_failed to comprehend, who nourishes the whole of the 

three worlds; who, when he is risen, is praised by Gandharvas, gods, Siddhas* 
Kinnaras and Naras, and who grants desires to those who worship....”® (c) 
“ Let it be known to you that this -village is given by me . .to the holy JLditya 
....with libations of water, to be enjoyed as long as the moon, the sun, and 
the planets endure.”* 

10. E-vidence of another type occurs in a work on astronomy. The best 
known of the mediaeval text-books of this science in India, the Sv/rya Siddhdnta 
gives the following interesting-account of its own origin:— 

“ When but little of the Ejfita age was left,^ a great Asura named Maya® 
became desirous of knowing this mysterious, supreme, pure and exalted science— 
the chief Vedahga—^in its entirely: the cause namely, of the motion of the 
heavenly bodies. 

“ He performed in propitiation of the Sun veiy severe religious austerities. 
Gratified by these austerities and rendered propitious, the Sun himself delivered 
unto that Maya who besought a boon the system of the planets. 

“ The blessed Sun said: ‘ Your intent is known to me and I am gratified 
by your austerities. I -will give you the science on which tune is founded 
the grand ^stem of the planets. No one is able to endure my brilliancy 
For communication I have no leisure.® This person, who is a part of me, 
shall relate to you the whole. Go therefore to the city of Eomaka where 
you reside. There, undergoing incarnation as a barbarian, owing to a curse of 
Brahma, I -will impart to you this science.’ 

GBOGBAPHIOAn DISTRIBUTION. 

11. The geographical distribution of the temples devoted to the worship of 
the sun is noteworthy. Most of those of which we now have any record 
were situated in the north--v^st of India—from Ksthiawad to Taxila; but there 
are remains also in upper Bengal and Orissa. In South India only one, in 
Tanjore, is known. Images of Surya are much more numerous but cover much 
the same ground. Sculptures of the nine planets are more rare but occur 
in the same parts of northern India, and at Kolhapur is a so-called Nava- 

^ Indoi insoription of Skandagupta, A.D. 466-466. 011 iii, 71. 

* Maadasor insoription of Kximara Gupta, A.D. 473-474. 011 iii, 87. 

* Bagkoii plates of Jayavardhana ii (Balaghat) £1 iz, 47. 

* Le. some 2,000,000 years £.0. 

^ Possibly tbe Avestan Abura Mazda is meant. 

* When ■SHjnavaJkya importuned the Sun to teach him the Vedas, the Sun said ; “ How is that possible aa 
1 mtist perpetually wander ? ” AXiSmtliin India i, 129. 

Whitney thinks the last verse is an interpolation, but it is found in many of the manuscripts. 
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graha temple. The §aiva temples of South India are said often to contain 
images of the planets, but definite records, except for a set at the temple in 
Tanjore already mentioned, are lacking. Besides these monumental remains 
there are inscriptions which naturally occur in the same localities, the most 
interesting being at Gwalior and Bulandshahar. The most notable centres of 
sim (and planet) worship appear to have been at Mudhera in Gujarat, Osia 
and Sirohi in Eajputana. Multan in the Punjab and Konarak in Orissa. The 
(?) solitary South Indian sun temple is at Suryanarkovil in Tanjore. 

There is also faint evidence of a separate lunar cult in India. Certain coins 
of the Kushan rulers of the second century A.D. bear images of a moon-god 
and there is also the Paura^iic tradition of a lunar race of kings. ^ 

Mediaeval Ritual. 

12. The YajSavalkyasmFiti, which was possibly composed in the fourth, 
century of the Christian era, contains directions for the worship of the planets: 

** Those desirous of prosperity or desirous of peace should worship the 
planets. For rain, for long life, for nourishment act in the same 
way. The Sun, Moon, Mars, Mercury, Jupiter, Venus, Saturn, 

Rahu and Eetu should be remembered as planets. 

“ The planets should be offered copper, crystal, red sandal, gold, silver, 

iron, lead and bronze in order. They should be marked on a 

board in their own colours in circles by sandal-wood, or their 

several colours should be indicated by pieces of cloth or flowers. 
Also perfumes, garlands and incense of guggulu should be offered,, 
and oblations should be noade with mantras.” 

Then are indicated the appropriate mantras, which have a very special 
interest as obviously they were considered the most suitable of the Vedic 

texts for the several planets. The connexion, except in the cases of the Sun 

and Moon, and perhaps, Jupiter, is generally merely a matter of some verbal 

similarity: for ffisiample the Budha (Mercury) mantra begins with udbudhya, etc., 
i.e. “ Wake up, etc.” The following translations are taken from Griffith’s edition^ 
of the White Yajur Veda. 

The Sun. —Throughout the dusky firmament advancing, laying to rest the 
immortal and the mortal, borne in his golden chariot he cometh, 
Savitri, God, beholding living creatures.” (WYV xxxi ii, 43; RV i, 
35®.) 

The Moon. —Gods quicken me that none may be my rival for domi¬ 
nation, mighty lordship, me son of such a man and such a woman, 
of such a tribe. This is your king, ye tribesmen: Soma is lord and 
king of us the Brahmans.” (WYV ix, 40.) 

Mars. —Agni is head and height of heaven, the master of the earth is 
he. He quickeneth the water’s seed.” (WYV iii, 12; RV viii, 44^*.) 


^ The obiefs of SArauli and Jaiaalmet <^im to be of the ‘ lonar race.’ . 
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Mercury. —Wake up, 0 Agni, thou, and keep him watchful. Wish 

and fruition meet and be together. In this and the loftier habitation 
be seated, All-gods, and the sacrifioer.” (WYV xv, 64.) 

JupiTBR .—“ Give us, Biiha^ati, that wondrous treasure, that which 
exceeds the merit of the foeman, which shines among the folk effectual, 
splendid, that son of law which is might refulgent: taken upon a 
base art thou. Thee for Brihaspati—^This is thy home. Thee for 
Brihaspati.” (WST xxvi, 3; from RV ii, 23.“) 

Venus. — “ Prajapati by Brahma drank the essence from the foaming food, 
the princely power, the pure bright drinking off of juice. The po^yer 
of Indra was this sweet immortal milk.” (WYV xix, 75.) 

Saturn. —“ May the celestial waters, our helpers, be sweet for us to 
drink, and flow with health and strength for us.” (WYV xxxvi, 12; 
see also RV x, 9*.) 

Rahu. —“What succour will he bring to us, wonderful, ever prospering 
friend.? With what most mighty company.?” (WYV xxvii, 39; RV 
iv, 31^). 

Kbtu. —“ Thou, making light where no light was, and form, 0 men, where 
form was not, wast bom together with the dawns.” (WYV xxix, 37 ; 
RV i, 6».) 

13. Varaha Mihira (6th cent. A.D.) also gives^ a faint outline of ritual. 

His directions are as follows:— 

“ The Sun and Mars should be worshipped with red flowers, sandal 
paste, the vahula. flower, and gifts of copper, gold and oxen to 
Brahmans. The Moon should be worshipped by the gift of a 
white cow. Venus should be worshipped with white flowers, and 
by gifts of silver, and sweet and nutritious things. Saturn 
should be worshipped by gifts of black substances; Mercury by 
the gift of gems, silver and with the Ulaka flower. Jupiter should 
be worshipped with yellow flowers and by the gift of yellow sub¬ 
stances.” 


lOONOGRAPHY. 

14. Besides the sculptures that have been preserved there is a certain 
:amount of information relating to planetary imagery recorded m the Pura^as, 
in the early astrological works, and in the modem foCldhatis or TnnTmglff of 
ritual, and 'pa^Jidgas or almanacks. 

Separate sun images occur and these are not necessarily connected ■ with tie 
planetary group. These sun images are often very elaborate and exhibit, be¬ 
sides the sun-god bimsdf, a number of attendants. 

The whole set of the nine planets, the ncwagraha, is, in early examples, 
generally shown in relief on a rectangular stone slab, which often formed a 
temple lintel. Except in the cases of Rshu and Ketu each planet is shown 


i.Brhat SamhitS civ, 47. 
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as a liuinan figure—all of tliem, including the Moon and Venus, being males> 
To some extent the several deities are differentiated by (a) the symbols or 
weapons held in the hands, (6) the whams or ‘ vehicles,’ (c) colours, (d) materials, 
(e) special symbols, (/) position, ig) drees, pose, etc. 

In the earlier examples the vahanas are seldom, if ever, shown. Possibly 
the images were sometimes coloured, but evidence is generallv lacking.^ The 
special materials were probably only employed in actual worship in connexion 
with the symbols which represented the planets. The arrangement of the 
planets in sculpture is generally the week-day order as shown in the tables 
below, with the sun on the (proper) right®; but in certain ceremonies they (or their 
symbolic substitutes) are often arranged in some such circular order as is in¬ 
dicated m column P of the table below. The early sculptural representations 
therefore give us evidence only with reference to the weapons and symbols in 
the hands, pose, dress and order. Modern representations, pictorial principally 
but occasionally in brass and stone, show also the different vahanas, etc. The- 
symbolism becomes more complicated with the advance of time, and except in 
the cases of the Sun, Eahu and Ketu is now much obscured—the Moon, Mars, 
Mercury, Jupiter, Venus and Saturn being in many representations almost 
characterless in their similarity. 

In the case of the Sun, besides abundant sculptural evidence, we have 
Varaha Mihira’s explicit directions for its imagery.* “ The Sun ought to be- 
made,” he says, “ with large nose, forehead, legs, thighs, cheeks and breast. 
In adorning the image the method adopted in the northern countries should 
be followed. From breast to feet should be covered. He should hold a lotus 
in each hand, wear a diadem and a necklace; he should be adorned with 
ear-rings, and a girdle {avya^tga) should be about his waist.” 

16. Certain details connected with the group of planets are now given in a 
summary form. 

Tihe hands. The symbols, weapons, etc. placed in the hands of the plane¬ 
tary deities vary considerably in modem representations. The practice of giving 
four arms to each deity is exhibited in none of the early sculptures, but the 
Matsya Purana (Oh. XCXIV) gives four hands to all except the Sun, Moon 
and Ketu. 

In most cases the Sun carries a lotus in each hand: in northern images- 
the lotus is often full-blossomed, while in the images of Southern India it is 
said generally to be only half open. Also the northern images sometimes place 


1 But Bee Brihajjdtaica ii, 6, where the Moon and Venus ate, for a.strologioal purposes, considered as female- 
In India, however, these, as deities, are always male; although there are oases on record where Europeans have 
■wrongly described the Hindu Venus as female. Mr. A. Stirling, in 1826 {Asiatic Besea/rches xv, 232) described a 
Konarak sculpture of Venus (figure) as that of ‘ a youthful female, with a plump, well rounded figure ’; and Sir 
W. W. Hunter {Orissa i, 293) repeats this curious error. More recently, bxBengal Past and Present (vii, p. 08) is. 
a drawing (not a photograph) of a navagraha slab that appears to give Venus a female form. 

* The Multan Sun image was, according to AlbirunS, covered with red leather. (India i. 110). 

> In one case at least (Cal. Mus. no. 4182) they are in the inverse ol this order. 
eBri'hat SaHiTiiid Ivifi 47. 
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the hands levd with the waist, wMle in the southern figures they are often 
raised to the shoulders.^ 

There is little consistency in the cases of the other planets, but in several 
early sculptures Rahu is shown with huge out^read hands. The pitcher and 
rosary occur pretty often: the KonSrak and Jage^var sculptures give these to 
each planet except the Sim, Rahu and Ketu. Mercury in some early cases 
holds an arrow and has a bow at his side, and Saturn holds a stafi or standard. 
Rahu appears to hold a vajra in each hand in one case (Konarak) and in 
another a vajra is placed beneath him. The numerous weapons etc., as given in 
modern pafichafigas, appear to have little traditional warrant. 


Masuai. Symbols. 



susr 

MOOK 

MAES 

MBBOUEY 

JXJPITBB 

VENUS 

SAXUBN 

I 

BIHU 

ketu 

Agni Puiaiub 
(ii) 

Sword 

Rosary, 

Pitcher 

Rosary, 

Spear 

Bow 

Rosary, 

Pitcher 

Rosary, 

Pitcher 

Girdle of 
beUs 

Half. 

moon 

Sword, 

Torch 

Matsya Pu- 
rSna (xoxiv) 

Lotus 

Club 

Lance 
‘ & Club 

Sword, 
Shield & 
Club 

Staff, 

Ros ary 
& Pit¬ 
cher 

Staff, 
Rosary 
& Pit¬ 
ch^ 

Lance, 
Bow & 
Arrow 

■ 

Sword, 
Shield & 
Spear 

Mace 

Sculpture 

Cal. Mus. 
no. 4168 

Lotus 

Rosxry, 

Pitcher 

Rosary, 

Spear 

Bowp 

Arrow 

Rosary, 

Pitcher 

Rosary, 

Pitcher 

Rosary, 

Standard 



Konarak 

Lotus 

Rosary, 

Pitcher 

Rosary, 

Pitcher 

Rosary, 

Pitcher 

Rosary, 

Pitcher 

Rosary, 

Pitcher 

Bosary, 

Pitcher 

1 

Vajra 

Rosary, 

Torch 

Modem 
Paddhatis 
& Pafioha* 
gas 

Lotus 

Lotus 

Lily 

Staff, 

Pitcher 

Trident 

Rosary, 

Pitcher 

Rosary, 

Pitcher 

Staff, 

Piteher 

Half-moon 

Rosary, 

Sword, 

Shield, 

Plag 


Yahanas. —^Except in the case of the Sun the vahana appears to be a 
matter of fairly modem fashion. The Sun has a chariot, sometimes with one 
wheel only,® drawn by seven horses. In one very early case there are, in the Greek 
fashion, only four horses*; and modern examples. often show a single horse 
with seven heads. According to the Agni Purana (li) the Sim may be repre¬ 
sented alone on a horse and there are such examples at Konarak. The Puranas 
generally give a chariot with eight or ten horses to each of the other planets 
but the modern practice is to give to each a distinct vahana. A Lucknow 
Museum rdief shows beneath the planets in order—^a horse, a bird with an 
animal’s head, a peacock, a boar (?), a bird with a horse’s head, a frog (.?), 
a horse, a vajra. 

1 T. A. Gopinatha Rao says : “ The South Indian figures of Stirya have, as a rule, their hands lifted as high 

as the shoulders, and are made to hold lotus flowers which are only half blossomed_The northern images, on the 

other hand, have generally their hands at the natural level of the hips or the elbows.” Elements of Hindu Icono¬ 
graphy, p. 311- 

G. P. xxxiz ; AP li ; Cal. Mus. 5927, oto. 

* Arch. Sur. Report, 1908-0, pL li; R. Mectea Buddha Gaya pi. 1. 
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CoZoMrs.—There is fair unanimity regarding the colours but that of Mercury 
is somewhat doubtful. In the West also specific colours were allotted to the 
■several planets. 



stnfr 

!- 

HOOK 

MABS 

MHBOURY 1 

JUriTBR 

1 

VENUS 

SATURN 

BAKD 

EBXU 

Ganwja Pa¬ 
rana (zzzix) 

— 

White 



Yellow 

White 

Blaok 



Matsya Pa¬ 
rana (xoxiv) 

Lotus 

colour 

White 

White 

hair 

Yellow 

Yellow 

White 

Green 

Blue 

Smoky 

Varaha Mi- 
hira^ 

Bed 

White 

Very red 

Green 

Yellow 

White or 
blue 

Black 



Paddhatis . 

Red 

White 

Red 

Yellow 

Yellow 

White 

Black 

Black 

Smoky 

Ptolemy 



Red 

Variable 

White 

Yellow 

Black 




Mote/ricAs .—^As in the West the materials allotted depend principally on their 
colours, but the Hindus did not confine the selection to metals altogether. 



SUN 

MOON 

MARS 

1 

MERCURY 

JUPITER 

VENUS 

SATURN 

RAHU 

KETU 

Varaha Mi- 
hira* 

Copper 

Gems 

Gold 

Alloy 

Silver 

Pearls 

Iron 



Yaj. Val. 

Smriti 

Copper 

Crystal 

Red san¬ 
dal 

Gold 

Gold 

Silver 

Iron 

Load 

Bronze 

Paddhatis 

Copper 

Crystal 

Red san¬ 
dal 

Gold 

Gold 

Silver 

Iron 

Lead 

Bronze 

Greek 

Gold 1 

Silver 

1 

Red iron 

1 

Tin 

Yellow 

electron 

Copper 

Lead 




• cloth of the appropriate colour qx by pieces of metal of certain shapes or with 
certain designs engraved upon them. These symbolic designs are of interest as 
they appear to have some ajB&nity with the western ^mbols: they are enu. 
merated in the table below. 

Dress, etc—In some early sculptures the Sun and Mercury are distinguished 
by special head dresses. In one case that of Mercury is particularly noteworthy 
In northern images the Sun often wears high boots, a girdle that is supposed 
to be of Magian origin, and sometimes a sword at his side. 

Postwre .—^In most of the early sculptures the planets are, with the excep¬ 
tion of Eahu and Ketu, standing; and in some of these cases Mercury is 
particularly differentiated from the others by standing with legs crossed. In 
several examples Saturn is represented as lame: one of his names is Pangu 
'the lame,’ which is possibly derived from his apparent slow motion. Rshu 
and Ketu are sometimes combined in one figure.® 


* Brihat BamhilS oiv. 47; Brihaiiataha^ ii, 4 

* Brihajjdtaka, ii, 12. 

® Lucknow Museum H 100, etc 
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The following table rottglily sitmmarisea the planetary attributes:— 



A 

The hands. 

B 

Vahana. 

0 

Colour. 

D 

Material. 

E 

Symbol. 

r 

Position.! 

G 

Special 

features. 

St^ . 

Lotus in eaoh 
hand. 

1 

Car with seven 
horse& 

Red 

■ 

1 

Copper . 

Circle . 

Centre • 

Magian girdle.^ 
High boots.® 
Sword.® 

Coat of mail*’ 
Attendants.® 

Moon • 

Rosary & pit¬ 
cher. 

Car with ten 
horses (Deer)®. 

White • 

Crystsd 

Gems. 

Crescent 

S.E. 


Mabs • 

Rosary & spear 

(Ram)i . 

' Red 

Bed san¬ 
dal. 

Trian^e 

S. 


Mebottbt . 

Bow & arrow . 

Peacock (Lion® 
with trunk). 

Green . 

Gold . 

Arrow . 

N.E. . 

Stands with 
legs crossed.® 
Special head¬ 
dress.!® 

JUFITEB 

Rosary & pit¬ 
cher (Book &/ 
sword),i 

(Elephant or 
swan).! 

YeUow . 

Gold . 

Rectangle 
Lotus ! 

N. 


Venus 

Rosary & Pit¬ 
cher (Money 
bag & book).^ 

(Horse or frog).! 

White • 

Silver 

Pearls. 

Star 

•Square!. 

E. 


Satubn 

Rosary & Staff 

(Vulture or 

buffalo.)! 

Black . 

Iron 

Bow 

Staff. 

W. 

Lame.!! 

Bihu . 

Vajra 

(Lion)® . 

Black • 

Lead 


s.w. 

Moon symbol! 
Bearded. 

Large canine 
teeth. 

Naga hood. 
Large hands. 

Kbtu . 

Sword, torch 
(Plag, shield, 
spear).! 

(Vulture)® 

Smoky . 

Bronze . 

Bla^ . 

N.W. . 

Hdga tail. 


^ Theeie are taken from modem paddhatis and pancMngas. See also J. Bttsgess iTtdian Antiqua/ry 
1904, p. 61 fi. 

> Mfigcmha ‘ marked with a deer ’ is a name of the moon. 

* Matsya Piirax]La oh. xoiv. 

* BS civ., 47. 

* BS oiv, 47 and many sculptures. 

* AP li; Cah Mus. 3928, etc. 

’ GP Z3adx. 

® AP U mentions ChhSya, Kunti, PiAgala and “two damsels with ohowries *; GP Ixxiii mentions l^^aijda.and 
Pu?.gala* 

* Cal. Mus. 4617, 4618, etc.; Luok. Mns. H 99 ; etc. 

Cal. Mus. 4617, 4618, eto. 

Luok. Mus. H 99, H 100 ; Cal. Mus. 4182, 4183. 
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Present Practice .—Sun WorsTwp. 

17. _ .riie devotions of the pious Hindu axe, to a considerable extent, imbued 
vitli a sort of astronomical cult, which includes.^ 

(a) The recitation, on awakening, of some such mantra as the follow¬ 
ing 

May Brahma, Vishnu, Siva, the Sun, the Moon, Mars, Mercury, 
Jupiter, Venus Rahu and Ketu make the morning auspicious for 
me.” 

(?.») The recitation of the Gayatri and meditation thereon. 

(c) The offering to the Sun of libations of water, accompanied by the 

recitation of the Gayatri and other mantras, e.g .— 

Salutation to Vivasvat, salutation to the luminous one possessing 
the energy of Vishnu. Salutation to the creator of the world, 
to Savitpi, the awarder of fruitful deeds.”® 

“ Come, 0 Surya, of a thousand rays, the storehouse of all the energy of the 
world. Plave mercy on me the sacrificer. Accept this offering, 0 
maker of day.” 

(d) Worsliipping the Sun and reciting, e.g. RV i, 116— 

" The Wonderful host of rays has risen, the eye of Mitra , Varu^a and 
Agni, Surya, the soul of all that moves or is immovable, has 
filled the heaven, the earth and the air. 

“ The Sun follows the divine and brilliant Ushas as a man a woman— 
at which season pious men perform ancient (ceremonies), worship¬ 
ping the auspicious for the sake of reward. 

'' The auspicious STOft horses of the Sim, well-limbed, road-traversing, 
who deserve to be pleased with praise, reverenced, by us, have 
ascended to the summit of the sky, and quickly move round 
earth and heaven. 

“ Such is the divinity, such is the majesty of Surya, that, when he 
has set, he has withdrawn what spread over the unfinished work. • 
When he has unyoked his horses from their chariot, then night 
veils everything in darkness. 

“ Siirya in sight of Mitra and Varuna displays his form in the middle 
of the heavens; and his rays extend on one hand his brilliant 
and infinite power, or, on the other, bring on the blacknesss of 
night. 

“This day, 0 gods, while Surya is rising, deliver us from grievous sin. 
May Mitra, Varmaa, Aditi, Ocean, Earth and Heaven grant this 
(prayer).” 

The following passage from the Vishnu PurSna (ii, 8) is a naive comment on 
the practice of sun worship: “The performance of the Samdhya sacrifice must 

iTho ritual docs not appear to be rigidly fixed but some suob practice is foUowed by orthodox Brahmans 
. See S. 0. ViDYARNAVA Dotty PracUoe of (he HMus. See also B. E. EnTHOVinsr The Folk-lore of Chijarat p. 7 ft 
Cosc^are the opening verses of Aryabhata’s Qa^ita, etc. 

* Viebipu PurSpa iii, 11. Note also that the Sun is present in the person of a guest. 
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never, therefore, be delayed; for lie who neglects it is guilty of the murder- 

of the Sun. Protected thus by the Brahmans and the Valakhilyas, the sun 
goes on his course to give light to the world.” 

Present Practice— Planetary W&rsTvi^. 

17. There is a practice of diSerent type altogether from that just des¬ 

cribed. The following details pertain particularly to the ceremony connected 
with the investiture of the sacred thread. On a small vedi about eighteen 
inches square a lotus with eight open petals is drawn and each of the petals 
is smeared with the appropriate colour of the planet to which it is assigned. 

The celebrant places on the lotus figure in the proper order either images of 
the planets or pieces of metal, etc., stamped with the appropriate symbols,, 
pmces of coloured cloth, and small heaps of rice mixed with curds. But first 
each piece of metal is washed with the 'paUch amrita to the accompaniment of 
appropriate mantras. In setting up the planets the vydhriti is recited for each 
and the attendant deities are addressed and placed on the right and left of 
each planet. Meditation on the form and symbolism of each planet follows- 

and ofierings of special food to each are made.^ The materials for the sacrifice 
are then consecrated: special fuel for each planet having been gathered and 
prepared the Juma is offered with appropriate mantras. Such is the merest 

outline* of a very lengthy ritual to which the greater part of a day is devoted. 
On other occasions {e.g., marriages), a briefer ceremony is practised.® 

Influences. 

18. Certain evidence relating to sun and planet worship in India has been given 
in outline. From Vedic times to the present day some such worship has ob¬ 
tained, but there have been considerable changes. It is obvious that two types 
of influence have been at work—one pertaining to pure Hinduism, and the 
othOT, as pointed out by Sir E. G. Bhandarkar,^ of exotic origin. The modern 
practice of sun worship by the devout Brahman may be traced back to Vedic 
times, and here the practice is part of the general pantheistic scheme. Planet¬ 
ary worship is probably a foreign importation—possibly of Magian origin, 
possibly influenced too by the Mithraic teaching that developed to such an 
extent in the west in the early centuries of the Christian era, and possibly 
also, to some extent afiected by Ma3aichaean practices. 

The connexion between Hindu practice and Mithraism is not very marked 
and probably is evidence only of parallel development, or it may, possibly, 
indicate some intercommunication. Invoking the sim at dawn, noon and dusk; 
libations to the planets; the association of particular colours and metals with 
them, etc., occur in both schemes. Hindu and Mithraic art also have simi- 

* For details as to the symbols, colours, positions, etc., see the tables in § 16. 

* This brief description is based upon a Kumaon Paddhati. See also the Matsya Pvrdv^ Oh. Ixxii and Ixxiii. 

» For references to sun and planet worship aznone non-Brahman communities see W. Crookb The Tribes and' 

OatiM 0 ] the North-Western Provinces and Oudh i, 109 ; ii, 186, 421, 460; iii, 112, 132, 247, 311, 378, 436 ; iv 88,. 
etc. T- C. Hodson The Naga Tribes of Manipur, 169, 170 ; The Meitheis, p. 103, etc. 

* Foreign elements, etc. Indian Antiquary XL, 1911, 17 et seq. 
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larities and nught be with some profit compared—for example, certam of the 
attendants of Surya ■with the Mithraie Dadophori, the Indian Navagraha soiilp- 
tures on lintels with the Bologna bas-relief, etc.,^ the Mitbraio Kronos with 
certain figures at Konarak, the Srisailam relief® with certain Mithraie sculptures,® etc. 

For the connexion with Magianism there is more definite information.* 
According to Varaha Mihira the (Indian) Magas were worshippers of the Sun®; 
the Bha-vishya Pura^a gives their history and refers to a Jaraiasta (Zara- 
thuslra) as a son of the Sun, and there is a legend of a son of Krishna being 
cured of leprosy by these MagasAlbiruni says :“ There are some Magians 
up to the present time in India, where they are called Maga ”; an inscription 
of A.D. 1137 mentions them®; and there are traces of Maga Brahmans in 
India to-day. In his Castes and Sects of Bengal Mr. Nagendra Nath Vasu 
traces the origin of these Magas and gives some account of their position and 
influence in India. The several legends he relates overlap to some extent but 
they are very interesting and are here summarised—(o) When Praiyavrata, king 
of Sakadvipa, desired to erect a temple and place in it a golden image of the 
Sun, he brought eight Brahmans, known as Sauryas, from foreign parts. (6) 
The king, after erecting a teniple and placing the image of the Sun in it 
prayed to the god to provide priests to carry on the worship; and the god 
created eight Brahmans from the eight parts of his body, (c) The Graha 
Yamala relates that the eight Muniis, MSrkaijda, Ma^ujava, Garga, ParSiara, 
Bhrigu, SanStana, Angira and Jahnu belonged to ^Skad-vipa. Their, sons, who 
were planet worshippers, were by the orders of Sri Krish^ia brought to Samba- 
pur (Multan) by Garuda. The descendants of these Sakadvipi Brahmans and 
Vaishya women are Ganakas. (d) Sa^ahka, Icing of Gaur, being ill, sent for certain Maga 
Brahmans from the banks of the river Sarju (Ghogra). By propitiating the planets 
these Magas effected a cure and they were persuaded to settle in the country, and the 
planet worshippers (Graha Vipras) are said to be their descendants. 

^ F. CuMONT Texte$ et monuments figures relatifs aux mysUres de Mitkra ii, fig. 99. 

^ Arch. Report, Southern Circle, 1917-18, pi. xvib. 

- CtJMONT, Figs. 121, 150, 161, etc. 

* See Sir R. G. Bhandaekar Vaishnavism, Saimam d* JfiTwr Religious Systems, 

® Bfihat Sarkhitd LX, 19. 

•Cf. II Kings, 6. 

India I, 21. 

® Epigraphica Indica ii, 330. 

* Vol. ii, part iv. See also the ArchcBological Survey of Mayurabhanja, vol. i p. ii seq 
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APPENDIX III. 
I. Nakshatras. 


Hindu Kakshatras 

Usual identijOioations. 


So-oalled ‘ Junction Stars.’ 

1 

Kpittika 

(t] Tauri, etc.) 


TQ Tauri. 

2 

BoMpI 

(a, 6, Y» s Tauri) 

• 

a Tauri 

3 

Mj^iga^iras . - 

(X, 9 i, 92 -, Orionifl). 


X Orionis 

4 

Ardra . 

(a Orionis) . • . 


a Orionis 

5 

Punaorvasu . 

(P, a Geminorum) . 


P Geminorum 

6 

Pushya 

(0, 3, Y Oancri) 


3 Oanori 

7 

Ailesha 

(e, 8, ff, i\, p Hydra) 


s Hydrae 

8 

Magha • 

(«. 1). Y> K, fx. s. Leonis) . 


a Leonis 

9 

Purva-Phalguni . 

(3, 0 Leonis) 


3 Leonis 

10 

Uttara-Phalgmii . 

(p, 93 Leonis) 


p Leonis 

11 

Hasta 

(8, V. s, a, p Corvi). 


3 Corvi 

12 

CShitra 

(a Virginis) • • • 


a Virginis 

13 

Svaia . 

(a Bootis) 


a Bootis 

14 

ViiSkha • 

(t, Yj P, a librae) . 


i Librae 

15 

Anuiadha • 

(3, p, TT, Soorpii) 


3 Soorpii 

16 

Jyeshtha 

(a, a, T, Soorpii) 


a Soorpii 

17 

Mula . 

(X, fi, X, t, 0, jt, 5, {Jt c, 
Scorpii) 


X Soorpii 

18 

Purva-Ashaclha . 

(3, e Sagittarii) 

• 

3 Sagittarii 

19 

Uttara-Asha^a . 

(o, ^ Sagittarii) 

• 

a Sagittarii 

20 

Abhijit 

fa, e, Z Lyrae) 

. 

a Lyrae 

21 

Sravana 

(a, p, Y Aquilae) 

. 

a Aquilae 

22 

Sravishtha . 

(P, a Y» Delphini) 


P Delphini 

23 

Satabishaj . 

(X Aquarii, etc.) 

• 

(^Aquarii 6) 

24 

Purva-Bbadrapada 

(a, p Pegasi) 

• 

a Pegasi 

25 

Uttaxa-BhadrapadI 

i. (y Pegasi, a Andromedas) 


a Andromedae 

26 

Kevatl 

{"C Pisoiiun, etc.) 

. 

^ Piscium 

27 

ASvini 

(p, Y Arietis) 

• 

P Arietis 

28 

Bharan! 

(35, 39,41 Anetis) . 

• 

35 Arietis 
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3. Precession. 


Years. 

Degrees. 

Degrees. 

Years. 

1,000 . 

13-96 

1 

71-633 

2 , 000 . 

27-92 

2 

143-265 

3 , 000 . 

41-88 

3 

214-898 

4.000 . 

55*84 

4 

286-530 

5,000 . 

69-80 

5 

358-163 

0.000 . 

83-76 

6 

429-796 

7,000 . 

97-72 

7 

501-428 

8,000 . 

111-68 

■ 8 • 

573*061 

9,000 . 

125-64 

9 

644-693 


3. Longitudes of certain stars (After H. Jacobi, 
Ind. Ant XXIII, 1894, 159). 


NaiiK' of star. 

1 

4,000 B.C. 

3.000 B.C. 

2,000 B.a 

1,000 B.a 

A. D. 45. 

A.D. 660 

Asterism in 
which the 
star IS said 
to be located. 

yi Tmivl 

341-68'’ 

364-36“ 

7-08® 

19-87® 

32-74® 

39-97® 

Krittika 

a Taiu-i 

350-46 

4-13 

16-86 

29*65 

42-52 

49*75 

Eohin! 

X Orionirt 

5-38 

18-05 

30-78 

43-57 

56-44 

63-67 

MrigaSiras 

a OriotiiH 

9-42 

22-09 

35-88 

48-61 

61-48 

68-71 

Ardra 

p (}utniiioram 

34-94 

47-61 

60-34 

73-13 

86-00 

93-23 

Punarvasu 

3 CJiHicri 

50-41 

63-08 

75-81 

88-60 

101-47 

103-70 

Pxishya 

6 Hy<lne 

54-04 

66-71 

79-44 

92-23 

105-10 

112-33 

Ai§lesha 

a Li^ouis 

71-62 

84-19 

96-92 

109-71 

122-58 

129-81 

Magha 

Leonis 

82-90 

95-63 

108-36 

121-16 1 

! 

134-02 

141-25 

P. PhalguiiT 

|3 Lt-otiw 

93-32 

105-99 

118-72 

131-51 

144-38 

161-61 

U. Phalgnm 

3 Oorvi 

116-16 

127-83 

140-56 

153-35 

166-22 

173-46 

Hasta 

a Virginis 

126-62 

137-19 

150-92 

163*71 ; 

1 

176-58 

183*81 

Chitra 

oe Bootis 

126-91 

138-36 

151-31 

164-10 

I 

176*97 

184-20 

Svati 

t Ijlhrco 

162-71 

166-38 

178-11 

190-90 

203-77 

211-00 

Yi^kha 

3 vSoorpii 

164-28 

176-96 

189-68 

202-47 

215-34 

222-67 

Anuiadha 

a Scorpii 

171-44 

183-11 

196-84 

209-63 

222-50 

1 

1 

229-73 

Jyeshthfi 

X ScorpiL . ’ 

186-26 

' 

1 

198-93 

211-66 

224-45 

237-32 

244-55 1 

Mula 


£ 2 
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Names of star. 

4,000 B. 

3,000 B.a 

,000 B.C. 

1,000 B.C. 

A. D. 45. 

A.D. 560 

Asterism in 
■whicli the 
star is said 
to be located. 

B iiSagittarii . 

196-26 

208-93 

221-64 

234-43 

247-30 

254-53 

P. Ashadha 

cr Sagittarii . 

203-06 

216-73 

229-46 

242*25 

25512 

262-35 

17. Ashadha 

ot Lyrae 

206*96 

219-63 

232-36 

245*15 

258-02 

266-25 

Abhijit 

1 

a Aquilae 

223*39 

236-06 

248-79 

261-58 

274-45 

281-68 

1 Sravana 

Delpliini 

238-02 

250*69 

263-42 

276-21 

289-08 

296-31 1 

1 Sravishtha 

X Aqnarii 

263-26 

275*93 

288-66 

301-45 

314-32 

j 

321*55 

i 

Satabhishaj 

oc Pegasi 

275-16 

287-83 

300-56 

313*35 

326-22 

333*45 

P. BhadrapadS. 

a Andromedae 

290-84 

303-51 

316-24 

329-03 

341-90 

349-13 

U. BhadrapadI 

1 ; Pisoium 

291-54 

314-21 

326-93 

339-73 

352-60 

359*83 

Revala 

P Arietis 

315*64 

328-31 

341-04 

353-83 

6-70 

13*93 

A^vini 

^35 Arietis 

327-61 

341-28 

354-01 

6-80 

19-67 

26-90 

Bharan! 


4. Cycles, years, months and days. 


— 


Jyotisha 

yed§.nga. 

Bomaka 

SiddhSnta. 

Old Surya 
Siddhanta 

Aryabhata 
and Puli^a. 

Brahmagupta. 

Surya 

Siddhanta. 

Years in cycle 

y 

6 

2,850 

180,000 

1 

I 

4,320,000 

4,320,000,000 

4.320,000 

Intercalary months 

M, 

2 

1 ,0(W 

66,389 

1,593,336 

1,693,300,000 

1,693,336 

Omitted tithis 

Do 

30 

16,647 

1,043,096 

25,082,280 

26,082,650,000 

25,082,252 

Solar months 

M. 

60 

34,200 

2,160,000 

61,840,000 

51,840,000,000 

61,840,000 

Synodic months . 

Ml 

62 

36,250 

2,226,389 

53,433,336 

53,433,300,000 

53,433,336 

Sidereal months . 

M* 

67 

38,100 

2,406,389 

57,753,336 

1 

67,763,300,000 

57,763.336 

Solar days . 

D, 

1,800 

1,026,000 

64,800,000 

1,555,200,000 

1 ,666,200,000,000 

1,655,200,000 

Natural days 

D 

1,830 

1,040,953 

66,746,575 

1,577,917,600 

1,677,916,460,000 

1,677,917,828 

Tithis . 

i D* 

1 

i 

1,860 

1,067,600 

66,791,670 

1,603,000,080 

1,602,999,000,000 

1,603,000,080 

Sidereal days 

1 

D* 

1,835 

1,043,843 

66,926,575 

1,682,237,600 

1,682,236,460,000 

1 

1,682,237,828 


iTote.^llU 3-12T 

D, =.30M:. 

Mi M, 

M, «M. +M, 

D1 - 30 M 

^0 ^ 

'■1. - Mi -f Y 

D = Di— 

D* =D-|-Y 
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5 * Sidereal revolutions of planets. 


•— 

Aryabhata. 

Puliia. 

Brahmagupta. 

1 --- 

Surya 

Siddhanta. 

Sun 

4,320,000 

4,320,000 

4,320,000,000 

4,320,000 

Moon 

57,753,339 

57,763,336 

57,'753,300,000 

57,763,336 

Mars 

2,296,824 

2,296,824 

2,206,828,522 

2,296,832 

Mercury , 

17,937,920 

17,937,000 

17,936,998,522 

17,937.060 

^lUPITBR . 

364,224 

364,220 

364,226,455 

364,220 

Ventts . 

7,022,388 

7,022,388 

7,022,389,492 

7,022,376 

Saturn , 

146,S64 

146,564 

146,567,298 

146,508 


6. Revolutions in 4,320,000,000 years of 



Apsides. 

Nodes. 


Brahmagupta. 

Surya Siddhanta 

Brahmagupta 

1 Surya SiddhSjita 

StJN . 1 

480 

387 

.... 

• • « • 

Moon^ 

488,105,858 

488,203,000 

232,311,] 68 

232,238,000 

Mars 

292 

204 

267 

214 

Mercury . 

332 

368 

521 

488 

Jupiter 

855 

900 

63 

174 

Venus 

653 

535 

893 

903 

Saturn . 

41 

39 

584 

C62 


Pulua gives 488,219 aad 232,226* 
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7. The later Surya Siddhaiita elements. 


— 

A 

Orbits. 

B. 

Sidereal 

periods. 


Yojanas. 

Days. 

Moon 

324,000 

27*321674 

Meeotjby 

1,043,209 

87-969702 

Vhntjs . 

2,664,637 

224*698568 

Sun 

4,331,600 

365-268766 

MaB3 

8,146,909 

686*997494 

JUPITBB . 

61,376,764 

4,332-320652 

Satuen . 

127,668,266 

10,766-73076 


Mean 

distances 

Synodic 

periods 

Apparent 

diameters. 

Yojanas. 

Days. 


51,666 

29-630879 

32' 

166,031 

116*904166 

3' 

424,089 

683-906043 

4' 

689,378 

-• 

32' 24^ 

1,296,618 

7799-30665 

21' 

8,176,687 

398-888869 

3' 30'*' 

20,318,981 

378-08611 

2' 30'*' 


Sun’s horizontal parallax ^ . 
Moon’s horizontal parallax . 
Mean semi-diameter of the sun 
»> 99 99 moon 

Semi-diameter of the earth . 
Obliquity of the ecliptic 
Mean distance of earth to moon 
» 99 99 sun 

(Fleet’s estimate of 


A-f-B 

Mean daily motion. 

__ . Seconds 

Yojanas 

11868-7 47,434-9 

11868-7 14,732-3 

11868-7 6,767-7 

11868-7 3,64-82 

11868-7 1,886-6 

11868-7 299-1 

11858-7 120-4 


.3“69'69'4' 

.63' 2(r 

. 3260 yojanaa or 10' 12'*' 

. 240 „ 16' 0'*' 

. 800 yojanas. 

.24° 

. 61,660 yojanns or 64*40 radii 

. 689,378 „ 

the value of the yojana is miles. See JliASt 1007, p. 060). 


8. Divisions of Day. 


— 

Vipala. 

1 

Prana. 

Vinadi or 
paia. 

Nadi or 
ghai/i. 

Muhurta. 

1 

Dina, day.^ 

I Equivalents 
in time, in arc. 

1 vipala . 

= 1 

• • 

.. 

.. 



4 sec. 

r 

1 prana . 

= 10 

1 

•• 

• • 

• • 

.. 

4 sec. 

v 

1 vinadi . 

60 

6 

1 


.. 

.. 

24 see. 

(i' 

1 nadi . 

= 3600 

360 

60 

1 

.. 

.. 

24 min. 

6*^ 

1 muhurta 

= 7200 

720 

120 

2 

1 

. • 

48 min. 

1‘1° 

1 day 

-216000 

21600 

3600 

60 

30 

1 

24 hours. 

360® 


9. Ascensional differences for certain latitudes. 


Eicht 

ascensions. 


Leo . Scoiplo 

Virgo . Ubra 


1 6® 

12® 

18® 

1® 16' 

2® 20' 

3" 48' 

2® 14' 

4® 31' 

6® 63' 

2® 29' 

Is® 20' 

8® 10' 

2® 14' 

4® 81' 

6® 53' 

1® 15' 

2® 29' 

3® 48' 

0® 0' 

0® 0' 

0® 0* 

1 


48^ 6“ 13' I 6® 46' 8“ 33' 10® 86' 13® 5' 16® 18' 

53' 9® 28' 12® 19' 16® 86' 10® 23' 24® 8' 30® 20' 

10' 11® 14' ;i4® 30' 18® 31' 23® 8® *28® 66' 36" 4*3' 


I I 

46' 8" 33' 10® 35' 13® 6' 16® 18' 

O' 0® 0' ' 0® 0' ! 0® 0' 0® 0' 
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10, 0bli<)ue ascensions or periods of risings of signs for certain 

latitudes. 


iiliaNK. 

Latitndofs. 

G* 

12“ 

18“ 

24“ 

80“ 

36“ 

42“ 1 48“ 

64“ 

60“ 

66'* 


Fi.'in's , 

20** 

25“ 24' 

24“ 5' 

22“ 40' 

21“ r 

10“ n' 

17“ 18' , 14“ 48' 

11“ 35' 

— 

7“ 10' 

0“ 88' 

TnurtiH 

.VilUiiriuH 

28“ 66' 

27“ 62' 

26“ 40' 

25“ 30' 

24“ 21' 

22“ 52' 

21® 0' 1 18“ 61' 

15“ 43' 

10“ 64' 

1“ 18' 


(iHprIcoruuH . 

31“ 48' 

31“ 24' 

30“ 63' 

30“ 27' 

20“ 50' 

29“ 17' 

1 

28“ 28' ; 27“ 85' 

26“ 49' 

22“ 48' 

9“ 30' 

t’JVUi'tT 

Saglttarlnfl . 

32“ 33' 

33“ 2' 

33* 30' 

33“ 59' 

34" 30' 

35“ 0' 

35“ 18* 1 37“ 1' 

38“ 84' 

41“ 38' 

64“ 56' 

I.MI 

Scorpio 

30“ 63' 

31“ 66' 

32“ 69' 

34“ 41' 

36“ 27' 

36“ 50' 

38“ 42' 1 40“ 67' 

44“ 5' 

48“ 54' 

68“ 30' 

Viriju . 

Ultra . 

20“ 3' 

30“ 22' 

31“ 41' 

33“ 6' 

34“ 89' 

30“ 20' 

88“ 28' I 40“ 58' 

44“ 11' 

48“ 36' 

6“ S' 


II. Tables of Sines. 


AriM* 

()• 

Uolcmy. 
I'hM 2 0. 

PuullHa. 

Hill 0. 

Aryiibliivtu. 

SInO. 

llrahniflgiipta 
Sin 0- 


Arcs. 

0* 

Ptolemy 
ChM. 2 0* 

Paulisa. 

Sin 6' 

Aryabhata. 

Sln0- 

Brahmagupta 
Sin 0- 

T 45' 

7” 60' 64" 

7' 61" 

225' 

214' 


48“ 45' 

90“ 13' 15" 

90' 18" 

2585' 

2469' 

7 ' ;u»' 

l.V' 39' 47" 

jr.' 40" 

440' 

427' 


62“ 30' 

96“ 12' 0" 

96' 13" 

2738' 

2694' 

11’ l.V 

23" 24' .‘U»" 

23' 26" 

071' 

638' 


60“ 16' 

99“ 46' 35" 

99' 46' 

2869' 

2719' 

l.V 0' 

31" 3' Jiir 

31' 4" 

800' 

846' 


00“ 0' 

103“ 56' 23" 

103' 60" 

2078' 

2882' 

IK’ 4.V 

:m* 34' 22" 

38' 34" 

1105' 

1061' 


63“ 45' 

107“ 37' 30" 

107' 38" 

3084' 

2038' 

22" ;MI' I 

46" 66' 10" 

45' 66" 

1315' 

1251' 


07“ 30' 

110“ 61'62" 

110' 63" 

3177' 

3021' 

20' 15' 

63" 4' 20" 

63' 6" 

1620' 

1446' 


71“ 15' 

113“ 37'54" 

113' 38" 

3266' 

3096' 

:n>'* d' 

mi" 0' 0" 

00 ' if 

1719' 

1086' 


76“ 0' 

115® 64'40" 

115' 50" 

3321' 

3159' 

( 

:Ul‘* 4.V i 

GO" 40' 7" 

06' 40" 

1010' 

1817' 


78“ 46' 

1X7“ 41'40" 

117' 43" 

3872' 

3207' 

•AT' !|0' 

73" 3' r>" 

73' 3" 

j 2003' 

1091' 

1 


82“ SO' 

118® 58'25" 

110' 0" 

3409' 

3242' 

n’ l.V 

70" 7' IH" 

70' 7" 

2207' 

2166' 


86“ 16' 

119® 44' 30" 

119' 46" 

8431' 

3263' 

•l.V u' 

Kl" .61' X)" 

84' 61" 

24,3]' 

1 

2312' 


90“ O' 

120® 0' 0" 

120' 1" 

3438' 

3270' 


12 . Summary Table (From M. Jacobi, El, i, p. 442). 


— 

Surya Siddhanta. 

Ary a Siddhanta. 

Brahma Siddhanta. 

Sun’s revolutions iJi a yuga . 

4,320,000 

4,320,000 

4,320,000 

Clivil days 

99 • 

1,677,917,828 

1,677,917,600 

1,577,916,460 

Lunar tiiliis 

99 

1,603,000,080 

1,603,000,080 

1,602,999,000 

Moon’s synod, rov. 

99 • 

63,433,336 

63,433,336 

53,433,300 

sids f » 

■ » * 

67,763,336 

67,763,336 

57,753,300 

„ anom. „ 

99 • 

67,265,133 

67,266,117 

67,26S,194-1*2 

norlcs »> 

99 • 

—232,238 

—232,226 

—232,311'168 

,, apaides „ 

99 • 

488,203 

488,219 

488,105-868 

.lupitor 8 t9 

>» • 

364,220 

364.224 

364,226-466 
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— 

Surya Siddhanta. 

1 

Arya Siddhanta. 

Brahma Siddhanta. 

Rev. of sun’s apsis in a yuga . 

387 

1 

480 

Plane of sun’s apsis at 0 Kali yuga 

77® r 4:S" 

GO 

0 

77® 45' 30'' 

„ moon’s 

90® O' 0^ 

80* 0' 0* 

125® 29' 40® 

„ Jupiter’s „ „ „ 

0 

0 

0 

0 

0 

0 

329® 27' 36" 

Circum. of sun’s epicycle .... 

14° to 13* 40' 

13® 30' 

14® to 13® 40' 

„ moon’s „ ... 

32° to 31° 40' 

31® 30' 

31® 36' to 30® 44' 


13. Modern Values. 


— 

Mean 

distance. 

SIDEREAL PERIOD. 

Synodic 
period In 
days.* 

Sidereal 
moan dally 
motion. 

Inclination 

to 

ecliptic. 

Equatorial 

semi-diu- 

meter.* 

Mean 

longitude of 
the node. 

Moan 

longitude of 
the porhcllon. 

Aw of 
retro¬ 
gression 

Mean solar 
days.* 

Tropical 

years. 

Sun 0 

.. 

.. 

.. 


.. 

.. 

10' I'lS* 


, , 

.. © 

Moon ([ 

.. 

27-3217 


20-531 

.. 

5® 8' 43-3* 

15' 31-87* 

.. 

.. 

•’ (L 

Mau? 

1-5287 

686-0707 

1-8809 

770-04 

1,886-52* 

1® 51 ' 0 - 9 * 

4-08* 

48® 65' 66*9* 

334“ 34' 5*4* 


Mercury ^ 

0-8871 

87-0693 

0-2408 

116-88 

14,732-42* 

7® 0' 11-6* 

3-34* 

47® 22' 16* 

76® 11' 42*8* 

12® ^ 

JXJPEEXR 2 i 

6-2028 

4332-586 

11-8022 

308-88 

229-13* 

1® 18' 27-7* 

1' 37-30* 

09® 37' 47-0* 

13® 1' 3 . 6 * 

9’ % 

Venus 9 

0-7283 

234-701 

0-6152 

683-02 

6,767-67* 

8® 23' 37-8* 

8 - 40 * 

76® 67' 2-2* 

130® 26' 62.r 

16® -♦> 

Saturn 

0-6388 

10760-20 

29-4677 

.378-00 

■ 120-46* 

2® 20 ' 20-6* 

1' 24-75* 

112® 66' 67-3* 

01® 27' 30-2* 

C® 

Earth 0 

1-0000 

365-2564 

1-00004 


3548-10* 

0® 0' 0* 

•* 

.. 

101® 32' 60*0* 



Solar parallax 8-8'' 

General pieceaslon 60-2664*+0*000222 (t —1900). 

Obliquity of tbe ecliptic 28® 27' 8-26"— 0-4684* (i —1900). 
Equatorial horizontal parallax of the moon 67' 2-63*. 

Mean distance of earth to moon 884,411 kilometres >>1 238.862 
statute mfles or 60-2678 radii, 

Meandistaaceof earth to sun 140,604,201 kilometres 92,807,416 
miles. 

Lenffth of year: 

OCroplca . 865-24210879 — 0-000000614 (t —1900) days. 
Sidereal . 866*26686042 — O-OOOOOOOOII (f 1900) days. 


Length of month : 
Synodical 
Sidereal . 
Ancncallstic 


. 20'CS0r£8 (lays 
. 27-t2](01 „ 

. 27-EC4CEO „ 


29r/12/M4m 2-S*. 
27rf 7/H^>/^ll•f»^ 
27«f lU 18»* 33*r. 


Length of day: 
Sidereal . 
Mean solar 
Earth : 

Equatorial radius 
Polar radius 


. 2Sh ZCm 4-001* of menu solar time, 

. 24A 3f» 60*665* of side real time. 

. C378;S88 kllcmetrcs « !;t( 8-24 
miles. 

. 6356-900 kilcmetrcs » 8040-00 statul*i 
miles. 


lAll th«e ^-alues except those msrkeU * ar«) taken from the American Ivatiiical Almatiac for the year 1010). 
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ADDITIONAL NOTES. 


I. 'The introduction of Greek astronomy. 

In the text of this memoir I have not referred to the question, raised by 
Whitney and others, why certain improvements introduced, by Ptolemy intO' 
Greek astronomy do not appear in the Indian works of the sixth century on¬ 
wards. On this basis it has been suggested that the Greek astronomy (and 
astrology) introduced into India is pre-Ptolemaic. Apparently this means that 
after about the second century A.D. India accepted no further intellectual 
material from the west, and in particular it seems to mean that the astrono¬ 
mers of the sixth century onwards knew nothing of Greek astronomical science- 
later than that of the early second century. On the other hand the earliest 
Hindu-Greek astronomical work known to us is of the early sixth century 
A.D.^ 

Whitney definitely suggests that Greek astronomy came, to India by the 
sea route, and not overland, before the time of Ptolemy. His arbitrary closure 
of the land route is unacceptable ; and, of course, in the first and second cen¬ 
tury A.D. a good deal of western astrological and astronomical lore was (jurrent 
in, say Ujiain and Taxila. No one would deny that; biit it is difficult, if not 
impossible, to accept the suggestion that no further western knowledge found 
its way into western India after the publication of Ptolemy’s great work.. 
Either that is meant or, possibly, it is meant that the Hindu astronomers re¬ 
jected part of Ptolemy’s teaching, and stuck to a Greek tradition that had 
been handed down to them from pre-Ptolemaic times. 

As a matter of fact the conditions that hold are normal enough. The 
Hindu astronomers of the period took just what they wanted from the western, 
works that reached them. They were not overwhelmed with the renown of 
Ptolemy and it is quite possible that many Alexandrian .text-books of the fifth 
century neither mentioned him nor his improvements (which indeed in Whitney’s, 
time were rather exaggerated). Undoubtedly VarSha Mihira had Greek text¬ 
books at hand and his exposition of his subject seems to indicate" that he was 
introducing new ideas, or, at least, ideas and terms that were not common; and 
certainly some of these notions are post-Ptolemaic. The surprise is, not that 
there are points of difference, but that there is such close correspondeoce. 

The persistence of old ideas and the neglect of new ones are among the^ 
commonest phenomena pertaining to the history of intellectual development. 
Indeed these phenomena have prevailed (and still prevail) with ‘the school-men’ 
of almost every country. In India, during the period imder consideration, a. 
phase of intellectual assimilation obtained and the preserved records exemplify 
this fashion in no particularly abnormal way. 

* The work of YavaneSvaxa or SaphqjidrSja discovered byMMHari Prasad Shsstri in Nepal (JA8B, 1897,311)' 
possibly belongs to the third century A.D. but is valueless. See also Dr. V V. Bamaa-Sastriy in The, Claeakai 
Beview 1922, p. 20. 
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ADDITIONAL NOTES. 


2. Buddhist astronomy. 

According to Vinaya ii, 217/ a moni: who lives in. the forest is to learn 
^ the positions of the nakshatras, either the whole or one section, and is to 
know the cardinal points.’ At the end of the ordination service the process 
of ‘ measuring the shadow ’ is performed in order to determine tlie seniority 
of the monk, and he is instructed in the length of the seasons and division 
of the day. ♦ * ♦ earth, a flat disc, is 1,203,460 yojanas 

in diameter and 3,610,360 in circunaference. In the centre is Mt. Meru, rising 
84,000 yojanas above the surface of the earth, and round it circle the sun, 
moon and stars, shining in turn on the four continents round Mt. Meru. The 
diameter of the moon is 49 yojanas and the circumference 147 ; of the sun 

60 and 160 respectively. The sun. is one yojana higher m position than 

the moon.^ 


^ 8 BE^ XX 294. 

* E. J. Thomas, SEE, xii, 71. 
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DIAGRAM OF THE ECLIPTIC CONSTELLATIONS Hilio . S. I. O.. Calcutta. 

THE NAK8HATRA8 ARE SHOWN IN RED 











